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1. Abstract

Regional interindustry economic models were developed for the four
major air basins of the State of California for the year 1976. The models
show a possible 154 detailed economic sectors for each basin. Primary air
emissions data provided by the Air Resources Board for each of five critical
pollutants (CO, HC, NOx, SOx, TSP) were processed and selectively merged
with fuel combustion data derived for each sector of a statewide model.
These data were subsequently adjusted to conform to air basin emission
totals by major economic categories for each pollutant. The statewide
emissions totals derived for each detailed input-output sector were con-
verted to a set of pollution coefficients in tons of pollutant emitted per
million dollars of product or service delivered. Similar procedures were
applied to each of the air basins. These diiect coefficients were related
to the sectors of each regional model in a manner which permitted the direct
and indirect industry linkages to be analyzed. The direct and indirect and
induced emissions generated per million dollars of product or services
delivered to consumers were calculated and ranked, and compared for the
state and for each air basin. The methods used are probably the best that
can be devised for placing consistency checks on primary air emissions
data and for estimating the environmental impacts of regional economic

development proposals as required by the Clean Air Act of 1977.
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3. Executive Summary

The purposes of the present study were essentially twofold. The
principal purpose was to demonstrate the usefulness of regional inter-
industry analysis for investigating and quantifying the direct and indirect
air pollution impacts which may result from changes in regional levels of
industrial production. A second purpose of the study was to relate available
primary and secondary source data on air pollution emissions to detailed
sectors of the California economy as a whole and to those of the major air
basins. The available air emissions data were used to develop air pollu-
tion coefficients (pollutants dispersed in tons per million dollars of
product output) for the state and for the air basins for five critical
classes of pollutants. 1) SOx - sulphur oxides; 2) NOx - nitrogen oxides;
3) CO - carbon monoxide; 4) HC - hydrocarbons; 5) TSP - total suspended

particulates.

In any industrialized economy, questions of environmental improvements
or environmental degradation are fundamentally related to economics.  State
and regional air quality control programs are established for a vaiiety of
pollutors in order to preserve or attain the ambient air gquality standards.
For efficient air quality planning and comprehensive program impact analysis,
the linkages between air pollutant emissions and economic activity must be
identified and evaluated. Such economic impact analyses are required by

the Clean Air Act of 1977 and can be facilitated by input?output studies.

Interindustry, or input-output, economics describes the form of economic
analysis which has as its basis the study of the technological relations of
industrial production. The foundation of the interindustry system is the
input-output table. A typical input-output table shows how the output of
each industry is distributed among other industries as inputs for further
processing. The table also shows the output going to final consumption, or

use, in various categories.

An input-output table is essentially a double entry accounting system
in which the rows show the product output distribution to other industries
and to final use, while the columns show the purchases made by each industry

from all other industries to produce its product. The entries in the table



are usually in dollar values and represent the actual physical purchases
of goods and services taking place in the economy during the accounting
period. If additional data are available on the physical units of inputs
and outputs associated with the production processes such as man-years of
labor, acre-feet of water, or tons of wastes emitted, it is possible to
transform an input-output table into an interactions table showing these
physical relationships on an interindustry basis. Thus, the input-output
method of analysis, when applied to a regional economy, can be used to
reveal the emissions directly resulting from a specific economic activity
as well as the "indirect" emissions generated by other industries as they

supply needed inputs on an interindustry basis.

It is often a relatively straightforward matter to identify the new
industrial growth patterns taking place within a regional economy, for
example, the expansion or introduction of a large automobile assemﬁly
facility. It is not necessarily a straightforward problem to assess the total
impact of the new facility on regional ambient air quality standards.
Although the direct emissions of the facility must be considered under
the existing regulatory framework, the potential may exist for significant
increases in "indirect" emissions resulting from the increased activity in
the local steel, petrochemical, and electric utility industries as they

increase their production to serve the needs of the new assembly plant.

A comprehensive interindustry air resource model can delineate and
quantify the increases in direct and indirect emissions and allow for the
reassessment of control strategies on the support industries such that the
induced economic activity does not result in a degradation of the air

environment.

In order to accomplish the purposes of the study regional interindustry
transactions tables for the year 1976 were constructed for the following

air basins:

1. South Coast
2. San Diego
3. San Joaquin Valley

4. The San Francisco Bay Area



A 157 sector input-output model of the California State economy was
constructed for the base year 1976 by staff members of the California
State Department of Water Resources. This Statewide model was then dis-

aggregated regionally by DWR into the 12 hydrologic basins of the State.

For purposes of constructing the regional interindustry models for
air basins, the Department of Water Resources data on final demands and
gross outputs were used wherever possible, with modifications. 1In the

majority of cases, both air and hydrologic basins are comprised of counties.

In the present study the South Coast Air Basin Model was constructed by
aggregating the DWR data on production and final demands for the Los Angeles
and Santa Ana hydrologic basins and then subtracting from this aggregation
the gross outputs and final demands estimated for Ventura County. Since San
Diego County is coincident with the San Diego Air Basin the County data were
used without change to develop the air basin input-output model. The San
Joaguin Air Basin Model was prepared by modifying the Department of Water
Resources data for the Tulare Lake Hydrologic Basin and adding the demands
and output data for the four counties of Madera, Merced, Stanislaus and San
Joaguin. Finally, to structure the San Francisco Air Basin Model, the DWR
data on final demands and gross outputs for the San Francisco Hydrologic
Basin were taken to be adequately representative of the air basin boundaries

and were used without modification.

Air pollutant emission coefficients were then developed in tons of
pollutants emitted per million dollars of gross output for each of the
sectors of the four air basins and of the California State economy as a

whole.

To develop the coefficients, numerous sources of emissions data were
consulted but ultimately the primary data compiled by the California. Air
Resources Board and local agencies were used with certain adjustment and
control procedures. The procedures used are the best that can be devised
without resorting to an extensive analysis of the primary data along with the
abatement practices prevailing in each air basin. The procedures have merit
in that they attempt to capture the differences in emission lévels among air

basins.



The adjusted emission coefficients derived for detailed sectors were
used in conjunction with each air basin inpuﬁ—output model and the direct
plus indirect plus induced emissions were calculated and ranked for each
of the five pollutants. The rankings indicate in tons per million dollars
of deliveries the total pollutant load generated in the air basin economy
directly and indirectly for each industry. The values of the emission
coefficients derived for the various industries seem to be reasonable in
terms of orders of magnitude. The rankings indicate rather clearly those
industries with the higher pollutant levels per million dollar of product
deliveries. With all industries on a comparable basis, the disparities in

emission levels in many instances are pronounced.

From the empirical results some observations may be made. First, for
each pollutant, the sectors with the highest associated total emission rates
will vary between basins. Second, in each basin (and in the statewide
economy as well) the ranking of the economic sectors by total emissions
differs from the rankings by direct emissions. Third, the ratio of total
to direct emissions for a particular sector will vary across basins due to

variations in direct emission rates and differences in industrial structure.

The ranking of the direct and indirect emission coefficients and sub-
sequent interbasin comparisons place consistency checks on the basic
emission data which cannot be achieved with other methods. The results
serve to highlight the need for improvements in. the emission inventory data

gathering and processing methods.

Although it has not been done in the study, the emission coefficients
could be related to employment and income levels for each basin and
additional coefficients derived which ranked each industry in terms of
employment or income generated per ton of pollutant emitted. In this
manner those industries which generate the lowest income and employment
levels per ton of pollutant emitted could be analyzed in greater detail as
part of a broader policy analysis concerned with the potential growth pat-

tern of the respective air basins.

The Clean Air Act, as amended, August 1977, states that an applicable

implementation plan shall include an identification and analysis of the



air quality, health, welfare, economic, ehergy, and social effects of the
pPlan (Sec. 172). Complying with these requirements is difficult because of
the lack of adequate data. This is especially the case when the data relate

to indirect effects.

The models developed in the present study provide data which are
directly useful for air quality management decision making. The input-
output models, when coupled with an econometric forecasting model, can
estimate growth factors for 152 California industries which can then be used

to help estimate future emission levels and ambient air quality.



4. Recommendations

The present study made use of a Statewide input—-output model for 1976
developed by the State Department of Water Rescurces primarily for water
planning analysis. The sectoring of the model was designed to emphasize
the agricultural industries and other water intensive industries. The Aix
Resources Board emissions inventory data are gathered at the 4-digit Standard
Industrial Classification level of detail. It would be appropriate to retain
the detail available for the primary emissions data and match these with
input-output models similarly structured at the 4-digit SIC level of detail.
When proposals are made for plant sitings or plant expansion they are not
made for a complex mix or group of 4-digit SIC codes. They are made for
a single 4-digit industry and the environmental impacts should be calculated
for that industry alone. The present model is too aggregated for obtaining
detailed impacts for any specific 4-digit industries. A major recommendation
is to restructure the air basin models with the principal air polluting

sectors being shown at the 4-digit SIC detail.

A second but equally important recommendation is to process and analyze
the 4-digit SIC emissions inventory data and form a series of direct pollu-
tion coefficients for each air basin. These should be ranked and compared
and the results analyzed statistically to determine interbasin and state-—
wide differences among the important peclluting industries at the 4-digit

level of detail.

A third recommendation is that the necessary technical competence for
carrying out of this type of research be developed by Air Resources Board staff

members.



5. Introduction

In 1973 Professor Wassily Leontief of Harvard University was awarded
the Nobel Prize in Economics for his development of input-output economics.
As an outgrowth of Leontief's work, detailed input-output (I-0) models
revealing the structural relationships within the U.S. economy are routinely
prepared for each census year by the Department of Commerce. At the sub-
national level the input—output approach has rapidly developed to become
a cornerstone of regional economics (1,2,3). Because the technique allows
the analyst to trace in considerable detail the reverberations of an initial
stimulus to the economy, the technique has become essential to comprehensive

economic and environmental impact analyses (4,5,6).

6. Input-Output Models
(i) I-O Models: What Are They?

A regional input-output model provides a sharply focussed still-life
picture of a regional economy. It reveals, as generally no other approach
does, the ways in which the various sectors of the region's economy are
meshed together and are linked to the potential sources of economic stimuli:
the so-called 'final demands' of household consﬁmption, private capital for-
mation, government purchases and exports.

The number of sectors into which the regional economy is divided depends
on several factors including the purpose to thch the model is to be put
and the resources at the disposal of the analyst constructing the model.
The I-0 model of the metropolitan St. Louis region contains fewer than 30
sectors while the greater Philadelphia I-O model possesses approximately
500. ' To éain a better understanding of the basic I-O model let us focus

our attention on the simple, hypothetical 3-sector model of Figure 1, keeping



in mind that generally nc analyst would set out to construct an I-0 model
of so few sectors--too much information regarding the structure of the

economy would be lost at such a high degree of aggregation.

Figure 1

Hypothetical Transactions Table ($106)
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) é
=
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Total Outlay 70 100 80
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The first aspect of this picture of the economy to note is that the
production sectors in the model. (in this case, Agriculture, Manufacturing
and Services) encompass the entirety of the.economic activity in the region.
Each of the sectors is represented as both a seller and a purchaser. That
is, each sector buys inputs from, and sells its output to, each of the
other sectors. It is from this double-entry accounting feature that the
model derives its name "input-output."

The data shown in the model represent the economic transactions that
have occurred over a particular period, generally of one year duration.
These data vield significant information for each sector's sale and purchase
linkages with the rest of the economy. Reading along the row of, say, the
Manufacturing sector we see that during the year for which the model was
constructed, the Manufacturing sector sold $2O million to Agriculture (e.g.,
farm machinery), $30 million to Manufacturing (e.g., frames from the steel
industry to the auto industxy), and $25 million to services (e.g., electronic

computers). In addition to these intermediate sales--sales of product which

will undergo further processing within the region, Manufacturing also made
significant final sales--sales which will not undergo further regional pro-
cessing. The sector sold $5 million to Households (e.g., autos), $5 million
to Investment (e.g., inventories), $5 million to Government (e.g., office
equipment), and $10 million to Exports (e.g., construction equipment to the
rest of the country and to, say, France). Total sales (intermediate plus
final) of the Manufacturing sector sum to $100 million.

As the rows reveal the sales distribution of the varioﬁs sectors, the
columns reveal the purchase pétterns. Again looking at Manufacturing, it

can be seen that this sector purchased $4 million from Agriculture (e.g.,
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raw foodstuffs), $30 million from Manufacturing (e.g., steel frames by

the auto industry), $10 million from Services (e.g., accounting services),

$15 million from Imports (e.g., forest products produced outside the region),
and $40 million from Value Added (e.g., wages). Total inputs to Manufac-
turing are $100 million, a figure identical to the Total Output of the sector.
Total Output (Sales) is equal to Total Input {Purchases) for each of the
three sectors because of the following identity:

Total Sales Revenue = Total Costs + Profit
The Transactions of Figure 1 account for all sales revenue and costs for
each particular sector and for the residual, balancing item of profits
which is part of Value Added. (Value Added is composed principally of wages
and salaries, profits, rents, interest, dividends and business taxes.)

In the above manner the input-output transactions table presents a
snapshot of the structure of the economy, highlighting the interrelationships
between the various sectors of the economy. Although this picture by itself
contributes significantly to our understanding of the workings of the economy,

the usefulness of the I-0 model extends far beyond this contribution.

(ii) I-0 Models: What They Can Do

The I-O model can prove to be invaluable to impact analysis and to fore-
casting. It can readily be shown that the model will allow us to predict
the effects throughout the economy of changes in the output of any one sector.
Suppose at the national level there is an increase in the demand for Chevrolets.
To £ill this order (or to replace inventories if the order is filled from
existing stocks), General Motors will have to buy, among other items, steel,
glass and rubber. To make these deliveries to GM, the Steel sector wiil

have to purchase inputs from the Coal Mining and Iron Ore Mining sectors;
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the Glass sector will have to increase its inputs from the Stone & Clay
and Primary Nonferrous Metals sectors and the Rubber sector must increase
its purchases from the Chemicals and Fabricated Metals sectors. (Of course
the I-O model would also tell us that each sector affected by the initial
GM order would require inputs of power and transportation and warehousing
and a variety of other goods and services as well.)

In turn, each of these sectors supporting the increased production of
steel, glass and rubber will have to buy a wide range of inputs, which will
initiate further rounds of transactions between sectors. Added to these
reverberations of intersectoral sales and purchases is the increased con-
sumption of households which results from the increased wage bill in the
economy. Among the increased purchases by households may well be additional
automobiles which would initiate the particuiar chain reaction just described
all over again. However, these reverberations or rounds of spending will
eventually end because in each round portions of the money circulating will
"leak" from the ecconomy as import purchases and savings.

In short, each purchase from a particular sector by a firm or by a
final consumer initiates a series of reverberations throughout the economy.
What the input-output mode; does is to trace through the maze of reverber-
ations or interactions to show, when the rounds of spending have come to
an end, what the increased output of each sector will be, given the initial
increase in one of the final demand categories. (If final demand decreases,
the I-O model will reveal the decreased output for the economy sector by
sector.) Further, if the relationship between each sector's output and
emission of air pollutants is known, the value of the input-output analytic

approach to environmental analysis becomes increasingly evident. Let us
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return to this point after looking more closely at the workings of the basic
I-0 model.

To illustrate how the I-0 approach performs the systems analysis of
a change in one of its sectors, let us loock again at our hypothetical 3
sector model. Let's assume that the Government purchases of the output of
the Manufacturing sector has increased by $10,000 and let us trace the
effects upon the sales (and subsequently on the air emissions) of each of
the 3 sectors of the regional economy. BAs a first step in the analysis,
let us construct from the transactions table of Figure 1 a table of direct
requirements, as shown in Figure 2.

Figure 2

Table of Direct Requirements Per Dollar of Total Outlay

Ag. Man. Serv.

Ag. .14 .05 .06
Man. .29 .30 .31
Serv. .07 .10 12

Each column of coefficients is determined by dividing the first 3 ele-
ments in a particular column of the transactions table by the Total Input
figure of that column. For example, the coefficients in the Agriculture
column were calculated as 10/70 = .14, 20/70 = .29 and 5/70 = .07. Each of
these coefficients shows the amount of input required from the row sector
for the column sector to product a dollar of output. Hence on the average
Manufacturing requires 5 cents of inputs from Agriculture for every dollar
of output produced. The coefficients in each column thus represent the
"recipe" for each column sector's output. If we make the critical assump-

tion that these recipes do not change over the periocd of analysis (a point
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to which we shall later return), we can perform the systems analysis
described above, which reveals the accumulated effect on each sector of a
stimulus (positive or negative) to any one of the sectors.

In our illustrative case of a $10,000 increase in government purchases
of output from Manufacturing, the Mapufacturing sector will first expand
its output by $10,000 to meet this increase in final demand. To do so the
sector will have to make the following purchases:

Man. $10,000

Ag. 10,000 x .05 = § 500
Man. 10,000 x .30 = 3,000
Serv. 10,000 x .10 = 1,000

However, in order to produce this supporting output, each sector will require

the following inputs:

Ag.: $500 Man.: $3,000 Serv.: $1,000 Total

Ag. 500 x .14

$ 70 3000 x .05

$150 1000 x .06 = $ 60 $ 280

Man. 500 x .29

il

145 3000 x .30 = 900 1000 x .31

310 1,355

Serv. 506 x .07

35 3000 x .10 = 300 1000 x .12

120 455

These requirements will set off a third round of spending as follows:

Ag. $280 ~ Man.: $1,355 Serv.: $455 Total

$39.20 1355 x .05

$67.75 455 x .06

Il

Ag. 280 x .14 $27.30 $134.25

Man. 280 x .29 406.50 455 x .31

81.20 1355 x .30

141.05 628.75

Serv. 280 x .07

19.60 1355 x .10 = 135.50 455 x .12 54.60 209.70

These rounds of spending will continue with each round becoming increas-
ingly weaker in its impact. The total increase in sales for each sector
résulting from the initial stimulus to the Manufacturing sector of $10,000

in government purchases can be estimated from the model by summing the
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increases in sector sales in each round:
Agriculture: $500 + 280 + 134.25 + ... = $1000
Manufacturing: $10,000 + 3000 + 1355 + 628.75 + ... = $15,5000

Services: $1000 + 455 4+ 209.75 + ... = $1200.

Although the approach is very straightforward, it is a very tedious and
time consuming one, but one which, ©f course, the computer does very
quickiy and efficiently.l With the aid of a computer generated matrix in-
version, as described in Section (iv) of this introduction, a-table of total
requirements can be constructed. From this table we may read directly the
total (direct plus indirect) impact on each sector of a unit change in the
final demand for any one particular sector. The table of total requirements
for our hypothetical example is shown in Figure 3.

Figure 3
Table of Pirect Plus Indirect Reguirements

Per Dollar of Delivery to Final Demands

Ag. Man. Serv.

Ag. 1.21 0.10 0.12
Man. 0.57 1.55 0.60
Serv. 0.16 0.19 1.22

Reading down the Manufacturing column of the table shown as Figure 3, we note
that for a cone dollar increase in the final demands for Manufacturing, Agri-
culture's sales increase by $0.10, Manufacturing sales increase by $1.55,
and sales by the Service sector increase by $0.19.

The above input-output approach or systems analysis can readily be
extended to the examination of air pollutant emissions. Suppose, for example,

that we wish to be able to predict the increased amount of nitrous oxides
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emitted into the air basin of a particular region as a result of a stimu-
lus to that region's economy. Assume that for our 3 sector economy the

relationship between tens of NOx emitted per million dollars of output is

as follows:

Agriculture 15

Manufacturing 20

Services 0]
From these emission coefficients and the total requirements data of Figure
3, we can see that a million dollar increase in the demand for, say, Agri-
culture will result in an increase in NOx emissions in the region in the
order of 1.21 x 15 + 0.57 x 20. + 0.16 x 0 = 29.55 tons.

To emphasize the vélue of the systems or‘éeneral equilibrium approach
of the I-0 technique we have deliberately (and a bit unrealistically)
chosen to assign an NOx emission coefficient of zero to the Service sector.
Given these coefficients, a superficial analysis of a $1 million increase
in the final demand for Services would conclude that no increase in NOx
would be forthcoming since the sector is perfectly "clean." However, from
our knowledge of the interrelationships of this clean sector with the other
not—sd—clean sectors of the.economy, we know that some increase in NOx
emissions will indeed occur. Again from the emission coeffiéients and from
the ;esults in Figure 3 we may formulate estimates of what that increase
will be: 0.12 x 15 + 0.60 x 20 + 1.22 x 0 = 3.0 tons.2 Although the direct
impact in terms of NOx emissions of the increase in final demand for the
Service sector is zero, the indirect impact (the impact generated via the

intersector sales-purchase relationships) is significantly greater than
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zero. As will be seen in the body of this report, for several regional
economic sectors the indirect air pollutant emissions as revealed by the

I-0 model exceed the direct.

(iii) I-O0 Models: What They Cannot Do

The principal assumptions of the input-output model are 1) homogeneous
activity in each sector; 2) constant returns to scale (i.e., if output is
to increase by a certain percentage, all inputs must be increased by the
same percentage) and 3) constancy of the direct requirements coefficients
(and the emission coefficients if the latter are incorporated). It is
the assumption of constant coefficients that is the crucial assumption of
the model. The direct requirements or economic coefficients may change over
time due to technological progress, changes in the relative prices of sub-
stitutable inputs, changes in the product mix of a particular sector (con-
trary to assumption #1 above, any one particular sector may be composed of
activities with differing input patterns) and, at the subnational level,

the location of new firms.

The basic I-0 model as it has been described in the Introduction and
as it has been emploved in the study of air emissions herein reported is
not designed to forecast phenomena, such as technological change, which
result in changes in the model's economic coefficients. Although considerable
research has been undertaken to develop techniques to update the model's
coefficients (7,8,9), such updating procedures require substantial additional

inputs to make appropriate adjustments to the model.

In regard to pollutant emissions twoc assumptions are generally made.
First, given that the coefficients are based on average emissions per unit

of output, it is assumed that any increase in output does not alter the
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established relationship between emissions and output--the relationship is
assumed to be linear and homogeneous of the first degree. Second, it is
assumed that other sources of change in the emission coefficients, such as
technical advances, do not occur within the period of analysis. As is

the case with the I-O direct requirements coefficients, any significant
influences on the values of these coefficients must be analyzed independent-
ly. The model as utilized herein is related to stationary emission sources
and those transportation activities felated to production.3 Consideration
of emissions emanating from sources related to household activities are not
included.

Finally, it should be noted that the model may be used for forecasting
purposes by projecting the model's exogenous variables (the final demand
categories of household, investment, government and exports). However, given
accurate economic and emission coefficients, the model's results will only
be as valid as are the final demand projections. For this reason the I-0
model is sometimes joined with econometric forecasting models that generate
projections of the final demand categories. In some such cases the econo-
metric models will also provide forecasts of price changes which bear di-

rectly on potential changes in the I-0 direct requirements coefficients.

(iv) Mathematical Summary of the I-O Model
As previously shown, the I-0 model records each sale in the econo-
my as "intermediate" or "final". Total sales or output of any sector of

an n-sector model can thus be expressed as:
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n

+ = i=1,...,
:E_ Xij Y, X, (i=1, n) (1)
j=1

where Xij the value of the output of sector i purchased by sector j,

the final demand for the output of sector i, and

v
I

]
1l

the value of the total output of sector i.

The economy is thus conceptualized by n linear equations, each
eqpation expressing the transactions of a particular sector with the
processing sectors, and with final demands (sales). Equation (2) repre-
sents the major portion of our first table, the Transactions Table. As
such, it is merely a set of balance equations or accounting identities.

To complete the mathematical description of the Transactions Table we write:

n
x,. t p. = X, (3=1,...,n) (2)
'Z 15 Pj i =4,
j:l

where pj = final purchase (purchases of imports and other factors) by

sector j.
X. = X. for all i=j (3)
The second Table of the I-0 model, the Table of Direct Requirements

can be expressed as the matrix (aij) where

l] - (i, j=17=--rn) (4)
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Substituting (4) into (1) yields

n

xi = EE aijxj + yi (i=1,...,n) (5)

j=1

which may be expressed more compactly as

X =AX + Y (6)

where
% #11%12° "1 |RE
X Yy
Rl _ ] _|¥2
X = . ; y:\ a21a22...a2n ; Y . (7)
fn‘ fplah2'°'ann - Yn

It may now be shown that total output minus intermediate demand

equals the net output of the system or final demand.
X-AX = (I-A)X =Y (8)

where I is an n x n identity matrix. Given the exogenous or final demands
on the economy, it is possible to solve the system for total outputs,

X = (I—A)_lY (9)

where (I—A)_1 is the third table of the I-0 model, the Table of Direct
Plus Indirect Requirements, which is frequently written in transposed

form, (I—A)_lT, for convenience of reading tabular information.

(v) Summary

The input-output model of a particular economy is designed to
reveal the interrelationships between the various sectors of that economy .

Because the model provides estimates of the change in the output of each
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and every sector in the economy resulting from an economic change in any
one of the sectors, it is often invaluable to economic impact analysis.
With the addition of air emission coefficients to the model, the changes
in total emissions in a regional air basin emanating from a change in any
one sector's production can also be estimated on a sector by sector basis.
The crucial assumptions of the input-output approach to the analysis of
air emissions are the constaﬂcy of the I-O model's economic and emission

coefficients.
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7. Regional Input-Qutput Modeling
(i) Regional Trading Patterns - Central Place Theory

If an input-output analysis is to be applied to a given geographic
region, certain basic conditions must be met. The fundamental assumption
that the regional industries trade with one another should be fulfilled.
This can generally be determined from data relating to the regional tra-
ding areas delineated by the Bureau of Economic Analysis (BEA), U.S. De-
partment of Commerce. The U.S. has been divided geographically into 173
trading areas, or groups of counties, defined as BEA Economic Areas. These
delineations were made on the basis of "central Place theory with its em-
phasis on cities as the hubs around and within which integrated economic
activity concentrates..." (10). A grouping of these areas, or any logical
portion, or hub, would qualify as a meaningful input-output region for
analytical purposes. The nature of the regional input-output model as out-
lined in Section 2 is such that it not only traces the flows of goods and
services among the local industries but also provides estimates of trade
flows in to and out of the local . area for the various sectors of the model.

The composite trading area which constitutes the State of California
is made up of eight BEA economic areas. These are BEA areas: l164-San Diego;
165-Los Angeles-Long Beach; 166-Fresno; 167-Stockton; 168-Sacramento; 169-
Redding; 170-Eureka; 171-San Francisco-Oakland. A map showing the California
counties and BEA economic areas is presented as Figure 4.

(ii) Modifying National Technical Coefficients to Represent Local
Interindustry Structure

If the trading conditions among the local industries are satisfac—
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FIGURE 4

California BEA Economic Areas
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torily met, the ensuing task is the application of modified or scaled or
adjusted national technical coefficients in order to simulate the inter-
industry structure of the local economy. This problem has been studied in
depth and at least eight different approaches for modifying national coef-
ficients have been systematically evaluated by Morrison and Smith (11) .
The so-called RAS (12) method has been ranked first in overall qualifica-
tions. The Simple Location Quotient (SLQ) method ranked second in three
out of five possible tests. However, the RAS method (13) can only Be used
if gross trade flows by detailed sector can be estimated independently for
the region under study.

The California state input-output table for 1976 was constructed on
the basis of both the SLQ and RAS approaches. The input-output tables for

the four air basins were based principally on the SLO method.

The SLQ method requires three major data items as inputs for structuring
the regional input-output model. These are: (1) a detailed national inter-
industry transactions table which has been transformed to a gross domestic
base. The table should include a value added vector which has been decom-
posed to show Employee Compensation, Property Type Income, and Indirect
Business Taxes; (2) a column vector of regional gross domestic outputs; (3)
the regional final demand vectors. The latter are typically: Personal Con-
sumption Expenditure (PCE); Capital Formation (GPFCF); Federal Government‘
Expenditures (FGE); State and Local Government Expenditures'(S&LGE); and

Foreign Exports (FE).

If national coefficients are to be used as a basis for developing re-

gional technical coefficients, it is necessary to maintain much of the sec-
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tor detail provided by the national tables (14). Walderhaug (15) has
stressed the need for maintaining such detail. Karaska (16) and Drake et
al.. (17) found that the variation in input-output coefficients increased
with the level of aggregation.

To illustrate the need for detail; particularly in the manufacturing
sectors, the Food and Kindred Products sector SIC 20 may be used as an
example. The 2-digit SIC Food and Kindred Products sector consists of
forty-eight 4-digit codes, ranging from abattoirs to the preparation of
spices and extracts. Each have widely differing inputs. If the national
coefficients for the aggregated Food and Kindred Products sector are applied
to estimate inputs for, let us say, a local bakery or confectionary, the
chances for error are cbvious. In order to minimize errors of this type,
the 'detail of the input-output sectoring provided by the national table was
substantially maintained at the state and county level for the current

modeling effort.
(iii) Empirical Considerations

In empirical work in the U.S. the sectors of the national input-output
tables are developed on the basis of Standard Industrial Classifications -
(SIC) codes. These codes identify individual industries (enterprises) rather
than activities. So that the tables may more nearly approximate the assump-
tions of the basic input-output model, transfers of secondary and joint pro-
ducts are made among the industries. The majority of the 400 sectors of
the typical U.S. national model are defined at the 4-digit SIC code level of

detail.
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(iv) Methodology for the Construction of Regional Input-Output Tables

In general, regional economic accounts can be established by two
approaches. The first is usually considered to be more precise but it is
difficult to carry out and to establish a concordance with other regions
and with the nation as a whole. This first method can be considered as an
"upward movement" beginning with the available accounting data of local
firms and family expenditure data and aggregating these to form a set of
accounts for the region under study. The second approach is more coherent
but is usually felt to be less precise. This latter approach can be thought
of as a "downward movement" from the national level to the region. The
techniques for developing comprehensive intranational models encompassing
all regions of the national economy involve elements of both approaches
being employed simultaneously. At the local level the available secondary
data on production, income and earnings are assembled. At the national
level the detailed income and product data are arrayed. By choosing the
most suitable regional measures the technique seeks to allocate the national
totals of production and demand by sector to regions in order to establish
the appropriate detail of a regional economic accounting scheme. The simul-
taneous use of these two approaches while maintaining the maximum degree of
detail feasible, yields the best possible set of regional accounts consistent
with one another and with the national totals (18). Such a procedure was
followed for the present modeling effort using the available 1976 national,

state, and county data sets.

The most recent official input-output table for the U.S. economy is

4

for 1967, Although the technical coefficients of the 1967 table may
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be satisfactory for some current studies, there is a general discomfort
about the reliability and wvalidity of research of this type when it is based

cn a table that is, in fact, some twelve years old.

Several research groups have devoted substantial time and resources
to these so-called "updating” problems relating to input-output tables.
The most satisfactory updating technique appears to be accomplished by
using the RAS method pioneered and popularized by Professor J.R.N. Stone
of Cambridge, England (19) . This method has been applied to U.S. national
input-output tables with encouraging results (20). The present modeling
work on the California economy could draw heavily on such related national
and regional input-output research being sponsored for other specific pur-

poses (21).

The updating of the official 1967 national table to 1976 and the devel-
opment of a number of computer programs for manipulating national and
regional economic data sets provided the underpinning for the development

of the structural models of the California economy.

Essentially, the national 1967 input-output table was updated to 1976
using Bureau of Labor Statistics, Division of Economic Growth estimates of
gross domestic output (22) and similar data on final demand (23). The
overall table was benchmarked to agree with U.S. Department of Commerce pub-

lished data on Gross National Product and its components for 1976 (24).

After completing the update of the national table the next task was to
allocate the national production totals established for the individual

sectors of the. 1976 U.S. table to California state industries, and also
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to develop state-wide final demand estimates. Basically, the. state data
for 1963 developed under the multiregional input-output program funded by
the Economic Development Administration (25) were updated using various
proxy measures for scaling the 1963 data up to 1976. The results were
made to conform with the national data so that state estimates would be

consistent with national 1976 totals as in the original 1963 research

effort.

The California state production totals for 1976 were verified and
benchmarked with available coﬁtrol tqtals such as statewide income, ear-
nings and employment, and were then allocated to California counties using
procedures similar to those used in the nation-to-state allocations. Fun-
damentally, it was necessary to construct final demand estimates and gross
domestic output estimates for all California counties. These estimates
were based on Bureau of Economic Analysis county income and earnings series
by major source (26) and modified County Business Patterns {(CBP) payroll

and employment data (27).

The employment and payroll data provided by the county, state, and
national summary files of the 1972 County Business Patterns can be used as
basic proxy measures for allocating national gross domestic output first
to states and then to counties. These could then be updated using 2- and 3-
digit data for 1976. 1In using the County Business Patterns data, the as-
sumption is made tﬁat production worker payrolls can serve as a basis for
estimating levels of industrial output for counties and states. If this
assumption is rejected then virtually no readily available economic mea-

sures exist at the 4-digit Standard Industrial Classfication (SIC) detail
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for counties which can be used to estimate levels of industrial production.
To give strength to the basic assumption, however, a recent study of U.S.
payroll data by Browne (28) points to the fact that regional differences
in wage rates are considerably less than might be inferred by casual ob-

servation.

The County Business Patterms data are unique in that production employ-
ment and payrolls are shown in detail, with employment in the so-called ad-
ministrative and auxiliary units (sales or headquarters offices) being

shown separately as a lump sum category for each county.

The importance of the CBP data format cannot be minimized. If an
analysis of industrial structure or resource use is undertaken on the basis
of the reported SIC employment without regard to its true nature in terms
of occupation (production versus non-production) then the opportunity arises
for major errors. In the absence of County Business Patterns type data it
would be necessary to revert to some method in which the bona fide indus-

trial activity of each reporting unit could be verified.

The County Business Patterns data suffer from the defect that non-dis-
closure regulations require the Bureau of the Censuses to withhold certain
payroll and employment data. Statistical techniques have been devised and
implemented in earlier studies (29) which use totals for a broader level
of SIC detail along with summing and balancing methods to obtain the best
estimates for the missing data. In some instances machine readable busi-
ness directory data can be merged with the County Business Patterns files
to obtain the maximum level of reliable data detail for counties. These

procedures were used in the present study to provide a comprehensive set of
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data. for California counties.

The state and local input-output models were developed using a computer
program based on the SLQ technique. When the provisional SL) models were
obtained, trade flow data derived from independent sources were used in

conjunction with the RAS technique to further adjust the models (30).
(v) Accuracy and Related Matters in Regional Models

At the national level, census data are used to deVelop the interindustry
transactions which are in turn reconciled with the data of the National In-
come and Product Accounts. Below the national lével, for states and regions,
the counterpart of the U.S. incame and product accounts do not exist and
census data on industry sales and purchases by geographic region are more
limited. Because. of this lack of data, regional interindﬁstry economic re-
search has developed slowly and is characterized by several distinct ap-
proaches. The essential difference in these approaches lies in the relative
emphasis given to survey techniques and the use of primary data as opposed
to’the reliance on secondary data sources and methods for deriving regional
estimates of interindustry flows of goods ana services by indirect means.
Although the controversy within the economics profession over the relative
merits and cost~effectiveness of "survey" versus "non-survey" techniques
is still unsettled there is increasing evidence that secondary data
gsources, if properly exploited, can serve as a basis for constructing re-
gional input-output tables that are satisfactory for most analytical

purposes (31) (32) (33).

FPor some states and regions where ‘it was felt that as high a degree

of accuracy as possible might be warranted in the preparation of a regional

31



table, proposals have been made and extensively funded for gathering
data as comprehensively as possible from local enterprises. Arrow and
Hirsch have commented specifically on this procedure (34).
Very few manufacturers of any scale keep accurate.accounts
in a manner which permits them to summarize readily their
annual shipments by geographical destination. In addi-
tion, many types of manufacturers cannot know what the
destination of their product is. For example, a peach
canner who sends his shipment to a warehouse in Los
Angeles cannot know whether those peaches will be con-
sumed there, shipped to the East Coast, or exported
abroad. As a matter of fact, at the time the canner
is making his shipment, no decision may have been reached
about the final disposition....The data used in national
tables comes from the purchaser of the inputs rather
than the shipper. These data are harder to come by
but clearly more reliable in that they require no
guessing by the respondent.
The fundamental problem is one of estimating, or simulating, the in-
ter industry flows of goods and services among the sectors of a regional
economy. In the so-called survey approach, which Arrow and Hirsch add-

ress, the task is to obtain sufficient primary data from regional firms

to permit the establishment of a local table of interindustry transactions.

In the non-survey approach the task is one of modifying national
technical coefficients to simulate the interindustry flows of the local

economy using secondary data sources.

In order to deal with the questions of accuracy and validity that are
sometimes raised in connection with the data contained in regional input-

output tables a certain perspective must be given.

When dealing with matters of accuracy it is necessary to have an

absclute standard against which comparisons can be made.

32



If Arrow and Hirsch are correct in their statements as cited above then
for any regional economy of modest dimensions the real, or actual, inter-
industry flows may be unknown and for practical purposes unknowable, even
with the use of the most advanced survey techniques, because of the basic

data problems inherent in the accounting practices of most industries.

The non-survey approach relies on quantitative methods that have
been tested by researchers working on small-area input-output models under
controlled conditions in which the real, or actual, interindustry flows
for the local economy could be established. Some eight possible methods
for simulating known interindustry flows were tested and the results com-
pared with the known flows (35). The non-survey techniques which ranked
the highest can then be applied with some greater measure of confidence in

regional I-0O studies‘where actual flows cannot be established by other methods.

Under these circumstances, however, the analyst obviously cannot say
that the derived flows or coefficients are accurate within certain tolerance
levels. In reality they give a first approximation to the actual regional

economic structure based on the best available data and methods.
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8. The Califernia Input-Output Models - 1976

(i) The Statewide Mocdel

The economy of the State of California is broadly diversified and
accounted for approximately 11% of U.S. Gross Product in 1976. California
Gross State Product for 1976 was estimated as $186.2 billion, the counter-

part U.S. figure is $1706.5 billion.

In the input-output accounting scheme Gross Product consists of the
sum of all final demands less imporis. The following values have been ab-
stracted from the California table of interindustry flows which is pre-

sented in Appendix 1.

(Millions of Dollars)

Personal Consumption Expenditures 121975.906
Capital Formation 25298.500
Federal Government Expenditures 15588.869
State and Local Government Expenditures 28239.386
Exports 54215.520
Total Final Demand 245318.181
Less Imports 59076.131
Gross State Product $186,242.05

The California transactions table given in Appendix 1 shows a total
of 164 rows, or sectors. 156 of these are ccnsidered to be within the

processing quadrant of the input-output table. Of the 156 sectors shown
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in the processing quadrant six are null, but were apparently retained
because of the format, or structure, of the'nétional table wused to
create the California model.-5 Additionally, the Govermment Industry and
Special Industries sectors are also null except for the Value Added en-
tries. These sectors are typically removed from the model before forming

the inverse or undertaking further manipulations.

The competitive imports sector may also be treated exogenously
leaving 153 specific sectors, of which, it should be repeated, six are
null. There are thus 147 active sectors in the California statewide model.
Four of these null sectors appear in Agriculture (Tobacco, Dried Peas,
Sugar and Vegetables not elsewhere classified (NEC), 0Oil Crops (NEC).
Among the non-agricultural sectors, €oal Mining, and Tobacco Manufactures

are absent.

The so-called "Dummy Industries™ have been included to maintain the
definitions and conventions used by BEA in constructing the U.S. input-
output table. The "Dummy Sectors" are defined at the national level as
Office Supplies and Business Travel, Entertainment and Gifts, and Scrap
and By-Products. As artificially constructed for the I-0 model, these
sectors have no direct employment or pollutants associated with them but
do interact with the other sectors of the economy indirectly. Sector 136, -
"Special Industries" is defined by BEA to contain "Rest of the World In-

dustry" and "Household Industry".

The Leontief inverse for the statewide model is not shown but the
column sums of the inverse are calculated and ranked. These are shown as

Table 1. This inverse shows 154 sectors. The Special Industries and
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Government Industry are not included in the Leontief Inverse since, as

noted above, they are null except for the value added entries.

The entries in Table 1 show that a number of the agricultural sectors
have large output multipliers which, indicate that they are highly inter-
related with other sectors of the economy. Those sectors with the smallest

output multipliers interact the least with other sectors in the economny.
(1ii) The Air Basin Models
(a) Overview

A map showing the California Air Basins is presented as Figure 5,

In the present study four principal air basins were selected for analysis.

These are:

San Diego
South Coast
San Joaguin

San Francisco Bay Area

In the majority of cases the air basins are drawn along county
boundaries. The exceptions require that county economic cdata be appor-
tioned into subcounty areas. This is a non-trivial undertaking since the
county is the basic économic unit for which secondary source data are

prepared.

The regional components of the' Department of Water Resources Multi-

regional Input-Output model for the State of California. are the twelve
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Figure 5
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hydrologic basins. These basins are shown in Figure 6. For purposes of

structuring the Air Basin input-output models the Department of Water Re-

sources data on final demands and gross output were used, where possible,

with certain modifications.

a)

b)

c)

d)

The data on final demands and gross outputs for the San
Francisco Bay hydrologic basin were taken to be adequately
representative of the air basin boundaries and were used
without modification to structure the San Francisco Air

Basin Model.

The Department of Water Resources data prepared for the
Tulare Lake Basin were modified by adding the demands
and outputs for the four counties: Madera, Merced,
Stanislaus and San Joaquin in order to prepare the San

Joaquin Valley Air Basin Model.

The Department of Water Resources data for the Los
Angeles and Santa Ana hydrologic¢ basins were added
together and the Ventura county data were then sub-
tracted from this in order to develop the South Coast

Air Basin Model.

Since San Diego County is coincident with the San Diego
Air Basin the County data were used to develcop the Air

Basin Model.
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Figure 6
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(b)

The San Diego Air Basin

Gross County Product for San Diego County in 1976 was estimated at

$12.1 billion or 6% of the Statewide total.

imports were $6.3 billion.

Appendix 2.

Exports were $4.5 billion and

The Air Basin Input-Output Model is shown as

Of a possible 147 active sectors present at the state level, the San

Diego County economy has only 122 of these.

the county economy are:

1.

10.

11.

12.

13.

14.

15.

1é.

17.

18.

Sheep, Lambs, and Wool
Misc. Livestock

Cotton

Rice

Corn

Oats

Sorghum Grain

Grass Seed

Food, Feed Grains, NEC
Walnuts

Almonds

Fruit and Tree Nuts, NEC
Melons

Sugar Beets

Hops

Sweet Potatoes

safflower

Metal Mining

43
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19. Crude Petroleum

20. Natural Gas + N.G. Liquids

21. Chem. + Fertilizer, Mineral Mining
22. Sugar

23. Metal Containers

24. Fabricated Structural Steel

25. Pipeline Transportation

The output multipliers for the county economy are shown in Table 2.

(c) South Coast

The South Coast Air Basin Gross Product for 1976 is estimated at
$91.2 billion with imports of $24.4 billion and exports totaling $31.9
billion. The Gross Product of this basin comprises about 49% of the

State total. The flow table for the Air Basin is shown as Appendix 3.

Of a possible 147 industries present at the state level 141 are pre-
sent in the economy of the South Coast Air Basin. The industries not pre-

sent are:

1. Rice

2. Sorghum Grain

3. Food, Feed Grains, NEC
4. Fruit and Tree Nuts, NEC
5. Hops

6. Saffiower

The output multipliers for the economy are shown in Table 3.
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(d) San Joaquin Air Basin

The San Joaquin Air Basin consists of: San Joaquin, Stanislaus, Merced,
Madera, Fresno, Tulare, Kings and portions of Kern County. The Gross
Product for the air basin economy is estimated at $14.0 billion with imports
of $10.1 billion and exports totalling $6.9 billion. The Basin economy

accounted for some 7% of Gross State Product.
Sectors not present in the San Joaquin economy are:

1. Hops

2. Household Appliances

The output multipliers are shown in Table 4.
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(e) San Francisco Bay

The San Francisco Bay Air Basin economy consists essentially of the
nine counties: San Mateo, Santa Clara, Alameda, Contra Costa, San Fran-—
cisco, Marin, Napa, and the western and southern portions of Solano and

Sonoma counties respectively.

Gross County Product is estimated at $45.6 billion with imports of
$15.2 billion and exports of $14.4 billion. This basin accounted for

approximately 29% of California State Product.
Sectors not present in the Bay Area economy are:

1. Cotton

2. Rice

3. Grass Seed

4. Food, Feed Grains, NEC
5. Citrus Fruits

6. Fruit and Tree Nuts, NEC
7. Melons

8. Hops

9. Sweet Potatoes

10. Chem & Fertilizer, Mineral Mining

The output multipliers for the economy are shown in Table 5.

55



ANVD WOS NWODD

G9_.... €L869°1. . __SISIUd¥ILN 1AGO IVI0Y UNV ILsLS - .9€1 oo EFELEY o e ST D THIND . WMESNANT 6G e e
L1 £2869°1 S172N0J4ud AdIAVY 1% [IETTIIRA UNEHST Thid U7 DR TEMIME THIC %S
s 0120l%1 LivdXiry i [ A | L L L ) LG
F{ N 1R A VA S3INiLdeoy OT1OHISHAH 1O A RVL YRR | S10GLa O WA 4 HAgvd 24
e VGl L G LOTLY] $371ISS 1IN QA0INI_4. FONVHGEY - vE o 62679° 1 e S X b iy~ NDE ) A I 1S e -
04 6292ZL*1 Slve €1 Leyo6®1 IFHITHAN Y AN 0R
N . R JuGeltl. 2S99 CHY SNANAIHD PSEHVILGU . € e 128D R . JINTEINIY MROSOK LAY L e
kY ZE9EL"1 Malbs 11 Lfitly*1 S1I0028d DGLF 1L 4 CuNEATg ST e ek
1l 21045101 SL Mg 0B IiYId.d4 AdTd . 4 2 DS VRS | 13 Ao S @ CALYDY N ]nan] L
(3] EIRRTRA ! 3% tu ONINCCT ONY STAlan 121 Lorssl SLILOOHA TTTIXIL 9y
.. &% 8LIHL T SONEOYGI _UNI_SILaUNNGI T3ILS. .0he Nudb - Tl w2001 SLINOCYHA _0OS T WIK 8% -
by Legnl*t A3 lged Ol SrLoLtl Chiduhy L PPV CIAHIANT ey
...... Ly 6v06L°%1 e S13h0u%d. VWl3w. 0dlvdlshed JIHIL L 6L . L5016 i Slubwidad AMINOTIDTIRND L FY
L) €LESL®T ASL1LE0 2100d PRONULSHOD BN Ei YR F AL - eene 7y
1 w133l %% Nlady sfidUogs e | LAy § LA | L._.:._NTJE.F ARG 1k
(2] 19¢9L°1 SINTHIEW AdLSNAul 321A .18 vh S1CI% %1 R B AN N H R )
‘‘‘‘‘‘ 6E. 0519l e e SANANUAR 0D B EGEL DD 1) - Wt 810 - - P Y
vE $608L*1 JUNLsvd Chy AvH Z1 CEIY SN | ;1
- Le 4 Y4 TR ININAINDI-ILSLIRTEIS UNy SAHICTID . 10T —  Lisvitd Y § RS-
9K 5(s6L° INJOUSHHON '10061S1.0) AN 1€ a0z §311S5sh wIANIEN 4 v 3¢
[ QCagL] INGWdl U NoEIglsudSeyli-odilS G Grales] NOL 4 [RC SI R A1 % I B BN .2 SERAY B SN Ly o
(17 S668L"1 AYINIHIvh Tv Lol SLUNE WY 4204 SE 10g65°1 datldu 11 TE2ANISWET M v T
UG ¥ SN 4 - 3.7 2} _ONIYIYdAY ONJ4 SHIOVINY 1% JD . Uliv S - b5 ELTO "] e SSAVRHY I VIO RISNND #Ah P -
t4% sqleL=1 SYUNLuUAY T4 Oy SJUVIIAIL %Y LoEsL®l ALLTIAN sinshid F1IANYISYDY WN - 7F
e 1€ ——_0%00823 ONLHSI N UNy ENIANIYG sDIL0 55— - B0GLL* e AU L S HHUOH AT M SEAY RN T e
0E 64408°1 SEINCLYd QC0d TSiw oW L2391 HAGISad S msnrn «al of
6z ~L¢-=o- CIINVLIO B INT el e MLd Uhy Sb vy 111 2us00°1 - A A4 AIU —..._4.* aNILS Lz
T IXEILM dinb3 OHLIIONYH v id3ivkh ¢ NIILIGUISha) OB LINNA R Ssifliil *u0 4 oA neeh a2
....... Lte_.._.093L8LL e ABINLHDYR IV 1L SHOND . T J3dS L bE L 124508°1 — w2 IAL NAY . LE . - --
92 GHHupo] 13318 WUl oNels 031,31 .0vd Gl 1056%° 1 kT ST 97
e $2 e DG Y2 T T sl b e 892 L ANDS_ANIRS G4 LANLSANGE 02NN L G2
A 14 £Z64%8°1 SYSHIVINGS 1l In &L Hrtusel SIJNJLYG AVIHSTE OLy ATy B2
£2 £06190% SO Y Id GNLURG e (it SOy atoow ORI b)Y Cagubtl S19LG s de hanS OGN b2 3SANUATNS | £Z
[%4 potrn*l Adad % ndig 16 werre RERIAR E S 4
e T2 L eGLHET e CSTVDURSHD IVLGESOURE 8S c FOOLE T e SAGIVIAE . 12
(%4 19568°) ON11SYI0Y0ud KOJSTANIIL ANt Qfded 111 oulIs*l SN Wrane 07
.- [y I Zu40621 L SYOIMVY3NID Ol STHlwual *SINILHT LU eL0ewel . Shvan o140 61
vl 01906°1 S19MA0dd 1vidn SHCdUILILH AdviW idg 2L 9L5(9*1 A 13I8 R
R 1] SEH267] DN dilSHL k1l YIRIN-131 SLIAU4 SnMfIohat. ¢
91 olyee*l KUTIVLOUUISH v H4LVH D1 AR DR | caroyte 91
e Bl BEORGZ] PSP [SRRTUPT IR N VT Y 704 T T U SINNTLH 51 .
1 66€76"1 STy iWsHY {Jur (e 1S L] s1Ld ’ HIvND sipaNas 41
NN 3 SNy £ Y 112 & S1.N00Ud AUYNOILO NS Eh .. 6&FELY . - R 12 o S 5 EOP
(4 © 890T0"2 S13S ONIAIIITd AL Uiy D10vd 16 56001 IPLSY4 o A
1n [T LY Senoovd L3110 by SiNLed 13 2036101 [ LI ORA |
[} 6L910°8 . SUuud ~3TLYI GNY 039070 68 LanuLl ATV 0F
...... G 6u610°2 . ENIWA INDI 221440 0NV SodlNchid . LE . 92919° 1. : JUURUUY 1 2 | 31 3 TR - O,
8 eLzZeo*e §43014 F143NINAS ONg STy Judlvw SIERSE 0 HS el S1INOCHd 2y IdY 8
IR U 7113 § e e SVOIRGHD VENL WD LWV 95 [TRTT YIRS SRR b (o § &3 I/ % I B 1 B &
b poalh1°e SATIAEIS AIVIINGS Ut YIwm %l FE- YA Tuuk ONY $SaRYT FdTgns 9
[ 0se21°22 GiSI11HIANY 441 hd 1612l SN s
9 1A TE R4 SNUL IVYYdDdd 131101 0uy DiINYITD (9 Lognetl SIATVD MY ALVYI 4
TR Y A2 T 4 e s s 2% bueIF i, Adidade. dIHLa arr: SAuNL L £ o
4 outovee SILUESNUNTL Avinnil Lel lastr*l SLUT Chy SHINIIHDY IS DIe 7
SIS SO Jllteec . SAENLIL N2 TLIW 221 .. 167171 s e e SATELVO LY
ELIWELS kS LN 1Jd YIS

e
T

TR
394

G oTqel

c:_xzckuni:_::<um_u>?m;z.;qa::azfsdau
- T Y T T ALY 3
AL6T 0PCTMVNI BYS

56



cit . goeLYyl .

e NOTLINGESEUD BiVaIY ChY O CHEVKW O ST L QFTEZTT L AL ONY UiOe 13X NATIEITHNWRD. QT e

601 L5049} SAZIAYNS W Udw i1y 1Ed bslle I SAGEAGIS NOTLRIMN4SH ) ANT
— b0l 6Z8B&y* 0 SAJVAYAS SSuHaSLd SauMic 1N I3 8 2% Leath®l AaLiledi dSRNE Il Mdld 0L
01 68764 %] . Ssviy 57 fluen* 1l [N R e L LA B T Y A4 |
vol .- tusey*l [ - OUN LAl SV3ldw 32 - - OLIFL°H LOL Ly IENDISREYL ALY 0%
aul LI906%°Y UlividudSawdl diit13ded kO tools*1 nUTLR THDHENEN] ¥R 601
‘Ct . ell6YY SAIVIALAS divddd O, NhaSadd 221 T 9wCd9*l SIS ALLILILIND OUY LISNYHE e &0T1 oo
€01 149091 WD 36lad IUNe)  id [YIRIRA SovrdTIvY  F0l
<01 Boung ey SAtiidS o 0¢l let D21 nid doen Jn St lINogE iy yasare <01
101 9¢506°1 S1ONGuYd G31%¥144 ONV QNINL 434 w030 Edd 29 LT | INdhe 3N D HINITOS aue €910 1017
ool .. SIF1L°Y e . ST OTAURS HALEIVIIDDY Uiey LNIR IS 820 L F€im2 U L CARIhgi g NOEL PGS RE HIMIe onT L
66 Legls $1300U¥d ACUK HBHLY + OCJKAYD NCH T HIL by Zitlal SNIYIVdIY GV UG TG 1RO oy dENS 66
v6 ... ELK1S°] e = NOTLileUaSHL oL AL SOV L njZocC1. PRV B¢ -5 b STF & SN |7V
io TivEs*t SL3N05dd Uiy SHIRNy L YIHLVIY &5 vED%6* 1 SITIHAN NN L6
(LN FeYALT TALE ) LTINS R SR AR Gig 1222y LN e d—1LAFMIATG AC T Qf
k13 LIS LI | SLIMIde AudHSiS Gile ASESIr Ul w2 [ FACF R | Sl hudD AT AI3 55
— 1} 63643°1 [ 1O | B2 [ 3+ R CIATCAS | i d AT -RALIYINNLERID 46—
L6 £v196°1 SCilik 1y 91 gocied S13% SHIAVEYTA AL QMY N10%Y €6 .
o2 0LlIs°] S S1Jdu J.LHS UL o 00a0E 1. e SRLJIMGL ONHIEOYY TN 26 _
16 L3%76*1 S1D0040d SISV Td ek ddguiry &2 salteet SE MY TTddY 01 WIAgA N 16
045 Q00La"] SIlJlyicy 1z i (ST A | SOl odes 1ol J3SANNT 531N~ Far?
b8 65€L8°1 SIMCIAd Ad) U Wt teasitl INJV LD NCeiSSTRSHTYL 214827717 - 4R
88 . . GeRLetl .o SdANASMIN B o LUt oL SO ROV ALSRONT ADTARTIT FR
1Y FA AL A | Linuna 91 (A2 JERd NG {nGa 101 11 ONY SHIEINdRT) " ie
78 . DLSus T OHIZIA QLY UnilHD1T SE%8 0313 2 eIl oL SEMARA 4TS ANTHTI . 9
50 H¢965°1 JUnkltund GIon3IsauH 03 [T T | AU IV W ITHISOONT NUINTY G s
Nl 1L266°1 SIS 130 8Sa0a e 2C Laagut Lo dodinack  teadisnart AV aLIS 11
(9] S$1109°1( S1J3NUudd A9V Uke JUULS S ik P EVR2AS | ABTL] i CNTYMOR vy P
.. €8 ... lseo?*l. *913 35000 SLILdLdS faAdTMIT _Zel. . 597281 o d1GOI ORI IUNVHE V] D VR4 HOTIORANESRDD 28
10 £9609°Y Asuvhio + NIW AV D ¢+ INILS 62 [TAE IR | A¥AHIHIAYN Ryvd 16
.00 . o 1tZ19°1 s e BIMGYIIS T2 2a%06% SUIVUIIIG. duy. SilIaunl ISInToN3 00—
6L B6%19*1 Hivd Y JMusk2iny 42t 405241 SIGUUdd Dvl-be UVLY2TEAY L LG 6L
a8l 22413221 [@FET1 A b 027241 AzgmO4ud dvalt I9 01t S 13 1 ORpi $EMITIND i
Ixs ¢z S1.000Gd INIMI G H153S 98¢ 11 SANTARYES v W L2
9L ET029°%1 — NOELv L JeSilsHL Upe - L01 . clozyth. ; LS LG ANTHAYH MAEIS L 9L
al %6029°1 SASNG ALFJYIANG OnG RISKYVEL VDL O 9=r56° 1 CO1IAIS IV INYES O03rNged 5l
CohbL._. .. 6i029°1. . SMGTOd U120 BY &0V S 0XT B s g LN ST EVAAY ORIV &L
tL v2zestl dyyMoNeH WWHINIO ONG STuwl Cugy 'A¥ITng 6L [ I | SUALTHINIY NI fL
P J£2£9°1 SAMINEISIN 2l L1001 SAMACHD AL 1 Jk S 34008 Qg 1N 24
1 geEGH9°1 SiINUuba ¢lHS JtilHIH 9y ELIvL®E SOHIOYA Gile SILECNGTE T173LS ol LIESD B ¥ 8
. 0L . . L2ss9°L LhAWdIEDA NulsSiaSNL AL 51312313 68— REHGY T SLILAOHD ~¥HALS. 5153l Qie - STIVHYNS (S W . OL
69 1%339°1 INSCESYa S EDATISNOD MION  CF citeo] SLallurd Ay7hy GNY JMAIE IS0 A9
€1 ... 91097, S12ilbsa. V14w NlelS LY. GELOS b LSLINGLYD- 0 L 1AY_ANT AMIEIId - R
19 4229711 SINIdEVES V. ldn Ll 12501 SHohlcsdd AvIT TRUNEINKHLES L7
rie B K2233°1 SIANCLdd AN 21310333 2S5 1w qi g2uulet SLonlsce JEJ:ANIN O8N RT3 22
$9 69¢93°1 AdL T d4H1S OHY SATdanl b vecutel cex19 50
49 .__. w2L93*1 CAMALAKIR K SHEIANGE. 5430 €8 Tlbes°1 SEDOC0ES ONV ONTEME _NAMEeIT o2
€9 §¢699°1 S4uni K14 ¥ ddndInGGd 331340 1S 19%93%1\ SExided SaILS¥IZ oNY wI9gny (9
29 . _9i583°1 SHWILSAS GHy SIINVARI) JIBLII1T 210 9250u b SLINA3YD-CI L 1D Che - VRINTAZL WU - 29— ——
19 LAF LA ANIRd IO KNOLEQIINIGY 1D U6 oy 10 SE2CUdd C411 Ove CidM[ed I
09 21891 SCI Yaodt V48 JASGENT v oiNiail 1] L£ ol ll2l LTl B Jal 1 [ | A VAL IR YL S T e ] 03
6% [ ¥2"1IEA | . S1,1100dd 31430K0D Gide IWdRID 99 [FL AT | S0 &S
0G ... 82099°0. _____ S430008d 13315 IUISVH 0NV S30viadd LSVIE 0L ZELEC"¢ o SNIEld JLLAHILAS Ghv. SWIHILEL SISV 86
19 £2169°1 SAvHHOLIH *131:0560D MIN e Lt 761 Si.dlad) UK CHE KAD LS
98 _ . 6&lEe9 Y _ ___ - SHINYA Snd lobiaN__ 21 50511 °%2 .. ST JAWIHI FENIINIINN.__ 2S5 .
WNYVY KRS NhitI0D LRI ERY wNS Hivfi ol ¥i23s
GlEANVE H1IIHL UHY JS4IALE IHD 40 SenS NMENTaD
6L BVR 92 45 JIAHT v0L03s Jel .
L€ . 3tvdl mere e i eieacem S — SRS, 7 A - S01 3¢ 1 Bt XA X [ L S O,
*3uod - G STqeL
[ L L “ “

57



Yiug 40 (N3

CLET e 9UEGO Y e 4AVAS 3 15 3Y OF1d0J20 WINRU 61, ng1Ivee. e el SAVELISNONT ARRN0 . L€YY
PET yolel’] SOUH 3 Liv?°1 SUSIUddIILIG LAGD WY aoNw 1S 9F]
GEl ._.g920et . 491440 1S0d. $€T o 962L20) o §3S1uddILNI_ FADD IPNTIL WIMLC AT
111 CARREAA AL GHV 010¢d 1d39%3 hulbvalhikkds 011 99¢0¢e*1 121440 157d =11
fE1 cyZZ2Z2%] AHIS A43BS1d *ANIST QL ‘ealuay a2 11Ny SLOI L ZRuvet | 140 bd NIk £l
201 10192} SHIASAS ON? SdLH70KLD $40 €U otuyy°l SAIIANIS MNNTIYINAY 2
T L S X 31140 L .SIATD Uhie DAV v L bLiuetd e STIIAJIS VIO HINIL VT —
vet sL6%2°1 Jovdl Hivldd 9N souLG*1 CWLIdSIH OF T
e BEL L 90a2l2'1 $3S.1ddd3IN4. LALD 1V 43033 WINLD . g€l . LIVEETL. - $1S11N30.ONY.SHIIDTA . 62T L
wit T1UTAR | ST1IRHIS + Sdrv) LHIDUITY LY s1916°1 §IDIAYES NUEI¥ AN oy LHWEIecEY P71
121 6G21¢°1 SIIAIAS Ll L 0 idSii ¢l 601 1211462 SI¥ALRLL HAYEN 121
321 IETEEAS IR R sHe 131 gi%¥d3ay anraneagny 921,
IR T2 B L] L R4 SLSIINIO O3y SHOLJuU . 621 .. ~Fcdat 1. SIDIANAS JIWUBISS NG 25Tk . 671
421 ozee”l ) JOUK OLY 'S4k e} 43NS 9 055912 ANISTHNIAOY 71
o KB e LEMR Y e - SLDIGYE BADH LR beNUE "l o SHIIANIS SSINISNS.SNCANYITIISNE L FRT —
ez 9¢Bge"1l SIIIAUIS TYNLISSHdddd ISk s2i GLLoYy®] SITEAUAS wlvdId OFy WHNE {14 - 271
121 211ug "1 CloptheJde Ay |d 4 gy iyl Sy le Snlngny oNy S131 1 121
(74} L0k T LNl 21,4379 a1t 21500 MYL°T 13 07T
L6l . E916L°1 . L. ALVESI Wb 21 JLNASD. VIS QILACI20 NI _ 61T
CAR A : LI A | WIULSIALY *USEW L ERLRUTETY BECE B
IR S SN TR 1IE 2A B ___S13N0Jd¢. 03ANIIY OV A¥INLId 6T SRS IO P IVIEL R PN ISYIN T SR ) I B s L SR LTS 6 1) LS U ) I
911 1051 SNULIVZINYOU D LidCddtaly FE1 AL I 911
. a1t HEQZH T SOINGIT *S9*N ¢ S0 gl il L 21 0GF %] 30X IYYS AN L11
L20) 196¢%°1 SLINUOHd A3 Ivdnlonuls L3 VLD Y Sadlawds AJRLINGS CRV dTjvr 4117
L 811 0104901 . S23LIAGES vNullyOned. 2ET. .. lulvE ShILSAS. ONY_SIINYGWOA SuC _€VT .
et 00EYY *1 S1J0003d ARISHLN UNY 3SHCNIIdY k2 9.5U9°1 SHILSAS Ciy S HNIIHTIY JIHEDITT 211
SR R O PO &7 7R 04 SYIh VNG NIGDGN by BFauBTl e OHLLSVOOYLYL. ML1SEADNRL Ny OOV ATl

WY HNS RWNAD

¥o121s

khS NHNT0)

M129S

T 6L WWH 92
e . 3OV

*3u0D - § °TqeL

OLIANYG dIIHL (Biv ISEIANE HNL 40 SHPS MWD

45 34ANT 901978 261

! $l61. 0QSTINYYE NVS .

58



9. Basic Emissions Data for Use with the. Input-Output Models
(i) Overview

At the outset of the project, it was anticipated that the California
State Air Resources Board emissions inventory data might not provide detail
for every sector of the proposed input-output modelg. With this in mind
the more generalized air pollution data sources were reviewed to cover
such an eventuality. Moreover, it was realized that emissions data for the
combustion of fuels, by fuel type, could be derived for the majority of the

input-output sectors at least on a statewide basis.
(ii) Strategic Environmental Assessment System

The United States Environmental Protection Agency has sponsored the
development of the Strategic Environmental Assessment System (SEAS) (36).
A copy of the model description and printout of the data were obtained from
the Project Officer in Washington, D.C. Module Number 7 of the Nationa;
Economic Modules is titled National Residuals: estimates of annual tonnage
of air, water, and land pollution from stationary sources on a nationwide
basis. The regional module Number 10 is designated Regionalization: Re-

gionalization of national economic, pollutant and abatement cost data.

After a comprehensive review of the available SEAS data was carried out,
it was concluded that the detail was insufficient for use with the California

input-output Air Basin Models.
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(iii) EPA Bulletin AP 42 Data

Copies of Bulletin AP 42, "Compilation of Air Pollutant Emissions
Factors" Parts A and B (37) were obtained from the U.S. Envirommental
Protection Agency. The Bulletin provides emission data for a complete
range of industrial processes and the service and transportation industries.
Each of the industries covered in the Bulletin is defined by complete pro-
cess descriptions. However, no Standard Industrial Classification (SIC)

codes are assigned to the industry descriptions.

These data were reviewed and the industry descriptions in the 1972 SIC
code manual (38) were compared with the process descriptions given in
Bulletin AP 42. In this manner four digit SIC codes were assigned to each
industrial process described. The emission data are given in tons of pol-
lutant per ton of product output (or other physical measure i.e. barrels,
etc.) The emission factors in tons were thus assembled by four-digit SIC

codes.

Mr. Werner Schink, State of California, Department of Water Resources,
provided a set of conversion factors obtained from the U.S. Department of
Transportation which could be used to convert the dollar value of product
in 1976 dollars to tons of physical product for each input-output sector,
thus permitting the direct application of the AP 42 factors to input-output
sector data. These final conversions were not made since the Air Resources
Board emission inventory computer tapes became available to the project

and it seemed more appropriate to exploit these primary data to the fullest
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before resorting tc the use of the more generalized Bulletin AP 42 data.

(iv) Fuel Combustion Data

In developing the statewide input~-output model, the data for the

energy sectors were regionalized on the basis of energy use data available

for California.

The California Energy Resources Conservation and Development Com-
mission (ERCDC) sponscored a study relating to potential energy shortages
(39). This study, prepared by Arthur D. Little, Incorporated, Cambridge,
Massachusetts, provided detailed energy use in California by fuel type for
each economic sector. The estimates of fuel use by 4-digit SIC in the
manufacturing sectors were based on national average use data modified to
California totals on the fuel supply side. These data were updated from
1975 to 1976 and then further disaggregated to give additiocnal detail for
all sectors of the input-output model. This was accomplished by means of

a series of BTU conversion factors available for each fuel type.

By converting fuel type to BTU's the toval BTU energy requirements
of a given sector could be maintained while the average input by fuel type
could be adjusted to meet California totals for major sectors. Coal is
not used in California except by the steel industry. Similarly, oil and
natural gas use by individual industries based on national averages could
be adjusted to agree with the known California supply totals for these
industries. In this way the national average BTU inputs were adjusted
to conform to the California fuel use pattern for the base year. Fuel

types and conversion factors are given in Table 6 presented below.
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Table ©&

Fuel Type BTU's Per Unit Conversion Factor
1. Gasoline 5.25 x lO6 BTU/BBL 42 Gal/BBL
2. Kerosine (jet fuel) 5.76 x 10 _BTU/BBL "

3. Distillate 5.825 x 18 BTU/BBL "

4., Residual 0il 6.28 x 10_ BTU/BBL "

5. Coke 21.2 x 19 BTU/Ton 7

6. Other Refined 0il 6.1 x 10 BTU/BBL 42 Gal/BBL

Products

7. Natural Gas 1,032 BTU/Cu. ft. o}

8. ILiquid Petroleum Gas 4.011 x 10 BTU/BBL 42 Gal/BBL
9. Electricity 7] 6 @
10. Coal 26.2 x 10 BTU/Ton 4]

The fuel use estimates for each input-output sector of the statewide
model were subsequently used to derive the total emissions of the five

critical pollutants for each sector.

Data from the National Emission Data System (NEDS) (Appendix C,
Bulletin AP 42) were selected from the Source Classification Codes and

Emissions Factor listings. These factoxs are shown in Table 7. The factors

were used to convert the fuel use estimates by sector to totai
emissions. The converted data were arrayed by input-output sector and could be

compared with the emissions inventory tape data.

Table 7
Fuel Type Unit Pounds Emitted per Unit
Part So No HC CO
X X
1. Gasocline 1000 Gal. Burned 6.50 5.30 102. 1lel. 3240
2. [Kerosine 1000 v 6.20
3. Distillate 1000 " 33.5 144. 469. 37.5 102
4. Residual 0il 1000 " 159.
5. Coke Per Ton Burned 2.00 38.0 15.0 .2 2.0
6. Other R.O.P. 1000 Gal. Burned 5.00 140. 67.8 5.51 15.4
7. Nat. Gas 10~ Cu. Ft. 14.0 940. 413. 42.0 115.
8. L.P.G. 1000 Gal. Burned 1.75 86.5 11.7 30 1.55
9. Electricity o4 @
10. Coal Ton Burned 5.00 38.0 15.0 .30 1.50
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(v) California Air Resources Board Emissions Inventory Data

In July of 1978 the Air Resources Board provided two computer tapes
containing the emissions inventory data for 1976. The tapes contained
approximately 44,000 records of variable length in an heirarchical struc-
ture. The data related to some 6,000 individual California firms. Among
the relevant data for the current study the tapes provided the name and
address, County and Air Quality Control Region of each firm. The 4-Digit
Standard Industrial Classification codes were provided for each minor
product. Total employment for each establishment was also given. Pollu-
tant outputs for each of the five critical pollutants emitted were supplied

in tons per year for each SIC code.
(vi) Air Basin Summary Emissions Data

The Air Basin Summary Emissions Data were provided by the Air Re-
sources Board for each of the fourteen California Air Basins. These sum-
mary sheets provided estimates by major category of the level of pollutant
output for the five critical pollutants in tons per day. Estimates for sev-

eral years were furnished. A typical‘data sheet is shown as Table 8.
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TABLE 8

SAN DIEGO AIR BASIN SUMMARY
PARTICULATE MATTER EMISSIONS (TONS PER AVG DAY)

. INVENTORY YEAR .
STATIONARY SOURCLS 1972 1975 1780 1585 1990 1993
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OTHER

SUBTOTAL 0.

MISCELLANEDUS AREA SOURCES
WILD FIRES
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o
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#MO0TOR VEHICLES-ON ROAD

- LIGHT-DUTY PASSEMNTIER
LICHT-DUTY GAS TRUCKS
MEDIUM-DUTY GAS TRUCKS
HEAVY-DUTY GAS TRUCAKS
HEAVY-DUTY DIESEL TRUCKS
MOTORCYCLES
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TOTAL, ALL SOURCES 129 142 167 189 213 244
JAN 06 1578 BY73-77122
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10. Developing the Emission Coefficients for Input-Output Sectors -
Statewide Model

(i) Preparing the Emissions Inventory Tape Data

The emissions inventory data tapes were converted to a fixed length
record format and the relevant pieces of information on SIC codes, employ-
ment, firm name and address, county, air quality control region, and pollu-
tant discharges were extracted and written on a separate computer tape.
These data were flagged where potential problems were apparent i.e. missing
SIC codes, incomplete or missing pollutant codes. These problem entries
were inspected and where possible obvious additions or corrections were
made. In some instances only two or three digit SIC codes were punched.
The correct four-digit SIC codes could be inferred by the name of the
firm or by its principal product code. Where pollutant codes appeared to
be obviously mispunched they were compared with other firms within the same
SIC category to determine the proper codes. The corrected data were re—

entered into the tape for further processing.

A map of the SIC codes for each input-output sector was established
and the four-digit SIC codes of the emissions inventory data were bridged
or mapped into the sectors of the statewide model. When this task was com—
plete the pollutant data could be sorted into, or allocated, to the appro-

priate input-output sector on the basis of the identifying SIC codes.

(ii) Selective Merging with Fuel Combustion Data

When the pollutant data from the emissions inventory tapes had been
bridged into the input-output sectors of the statewide model the results

were inspected and any sectors which remained at zero were noted. The
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pollutants for those sectors were then established on the basis of the fuel
combustion emissions data derived as described in 5(iv) above. These entries
were selectively merged with the emissions inventory data to form a basic

set of pollutant data for each sector of the statewide model. This merging
was undertaken for the agricultural sectors and for several of the trade and
service sectors. Sector 135 "Owner Occupied Real Estate” remains null in
terms of pollutants. This is due to the fact that no fuel use was allo-
cated to this sector in the processing matrix. Fuel purchases for houss-—

hold use were treated as a final demand.

(iii) Air Basin Summary Emissions Data

The Air Basin Summary Emissions Data as prepared by the California
Air Resources Board are designed to provide an overall control estimate for

the pollutants of each of the major sectors of the air basins.

(iv) Adjusting the Data Sets

The Air Basin Summary Emissions data were keypunched for each of the
fourteen air basins and summed to yield a statewide emissions control total
for the relevant sectors of the input-output model. The 22 major caltegories
of the Air Basin Summary Data were bridged to the 152 productive input-output

sectors as shown in Table 9.

The Air Basin Summary Data were then used as controls to propcrticnally
adjust the merged emissions inventory data and fuel combustion data by

sectors thus bringing the two data sets into overall agreement. The follow-
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Table 9

Relation of Economic Categories to I/0 Table Sectors

TTECONCMIETCATEGBRY = 1T RETRELUEUM TPRRDUCT TN T T T T D
1/0 TABLE SECTORS = ) 42 _ : s : - 3 .
ECONCHMIC CATEGORY = 2 PETROLEUM REFINING - . : . L e .
1/0 TABLE SECTOURS = 78 ;
TTECINERTETERTEG = 3 PEYROLEUM MARKETING T -
1/0 TABLE SECTORS = 131 132 B .
ECCNCHMIC CATEGORY = 4 CRGANIC SOLVENT USE ~ SURFACE CCAYING o
170 TABLE SECTCRS = 138 2 )
TTECUNCHICTCATEGORY =75 GFGANIC SOLUVENT USES CRY CLEANING & 7 777 T T mTme e e o
1/0 VABLE SECTORS = 138 o o .
ECCNCHMIC CATEGORY = 6 DRGANIC SCLVENT USE ~CEGREASING
1/0 TABLE SECTORS = 124 125 115 " 142 } b e )
TTTUECENCMIC TCATEGORY =TT 7 CHEMICALTRRCOUCT JENT™"" 7 T T e T o T
1/C TARLE SECTORS = 3 74 15 76 17 mn 19 80 ;
ECCNCKIC CATEGGRY = B METALLURGICAL PRCCESSES
170 TABLE SECTORS = ' 88 89 90 Te1l 92 93’ 94 %5
SO SO . ST £ 38 39100 L R 1 SN2
ECCAEMIC CATEGORY = 9 MINERALS FRCCUCTICN
1/0 TABLE SECTORS = 81 82 83 84 85 39 40 43" 44 -
"ECCNCMIC CATEGORY = 10 FOCD AND 2GRICULTURE PRCCESSING - " T
S V4 I { S 5. 54 55 56 57 58 59 60 61
i 28 AR SO L UL AL, SR 2 e e 22
" ECCNCMIC CATEGORY = 11 PESTICIDFS FRODLCTION ™ 7 o - T
1/C TABLE SECTORS = . . ) )
_ ECCNCMIC CATEGORY = 12 wOGD PRGCESSSING
1/7C TLalE SECTORS = 63 TR TG T ST TGy T g T T g B - R
ECONCMIC CATEGORY & ' 13 COMBUSTICN CF FUELS IK CRCHARD HEATERS ™™ T a T -
170 TABLE SECTORS = 0 23 24 .
o . ECCNCMIC CBTEGURY = 14 FARMING CPERATICNS
1/0 TABLE SECTORS = 17 ! LT T i S S - - S S - R |-
3 o ..on 12 13 14 15 16 17 18 19 20
21 22 23" 24 25 26 27 28 29 30
I oo o 2 33 AT 35 3e L3t 33
L ECCRCMIC CATEGORY = 15 CONSTRUCTICN ARD SUMCLITICN
176 TABLE SECTORS TE™ 77777 45T T T 4l T T TR T GG T g ST Ty g T ey e s s S s
ECCACMIC CATEGORY = 16 QYHER ORGANIC SCLVENT USE "
1/C TABLE SECTCRS = } R § |
... ECONCMIC CATSGORY = 17 COVBUSTICN OF FLELS IN HISC. IKDUSTRIZS
1/7CTTABLE SECTORS =77 77777103 ™77 104 1057 1067 Yo7 R ¥+2: S ¥ "2 § 1 NS 3 ¥ Shidantubied ¥ -
113 114 116 117 118 133 134 135, 136 137
139 140 141 143 144 145 146 147 T 148 149
o150 151 152 126 127 129 130 B
ECCNCRIC CATEGRRY = 18 COMBUSTICN GF FUELS IK PCWER PLANTS.
1/0 TARLE SECTORS * 128
TTECONCMIC CATECORY =TT 19T YRANSFORYATION FUSL USE TN TRUCKS AND GUSES™ ™ 7 ~m== = mee g
1/7C TABLE SECTURS = 26 121
ECONCMIC CATEGORY = 70 AIRCRAFT
1/G TABLE SECTORS = 123 -
L ENENICT CATEGORY = 21 KA TLREAD 75 T e e 2 e e e i e [
1/C TABLE SECTORS = 119
ECCACHIC CRTEGORY = 22 SHIPS
I/01 1A8LE SECYORS = 122
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ing exception is noted.

In certain cases the Air Basin Summary Data showed zero entries where
the emissions inventory data had entries present. In these cases the zero
control of the summary data was ignored and the emissions inventory data
were entered. The overall emissions totals were then adjusted proportiocnally
to bring the totals for the input—ouﬁput sectors and the air basin summary
totals into agreement. In all cases the grand totals of the air basin

summary emissions sheets were taken as limiting.
(v) Forming the Statewide Emission Coefficients for Input-Output Sectors

When the input-output sector emission data were adjusted to agree
with the overall totals provided by the sums of the air basin summary
data for the fourteen air basins, the total levels of each of the five
pollutants in tons were divided by the gross output or production level

in millions of dollaxs for each sector.

The coefficients were thus calculated in tons of pollutant for each
of the 5 critical pollutants per million dollars of product output for each
of the 152 productive sectors of the model. These statewide pollutant co-

efficients are shown in Table 10.

68



0€2120° ogLLze” 2zZ%1¢60° waye20* P26C6T6%21 S1)ONG0d4d T1Iw NIVYD 6§

6882%0° TL6L20° HELICO® 269%90° Iv916T" SAJ04 NIZ0dd ANV OINNYD ¥S
£16900° 694200 194000° 189¢00* Q02121°" SLINJOYUd ARIVQ €5

R . %0 ... or4010° - ‘0 91%5 00" 28%L6G" S13N30Y¥d tvaW 25
95%200° 942900° 0€1020° SITIST® S1E9T1C" S3TISSIW OIGEINS + 3IONVNOAND 16
612000° HH22€E0° 91€100°"° *0 aTRIYO" NOLLADNYISNGD dIvddd UNy °NIVW 06

"0 80582¢€° 856100° “0 £1919%° ¥HLD 1V 41INYLSNOD MAN 6%
0 216050° *0 0 ngI¥RA" SAVHMHOIH $13N¥ISNDD M3N 8%
600162°8 89€€%T 1 © 81566L"9 1€5€80°2 SHLOES T ALITTLA 2174Nd *LINULSNOD HAN LY
i Y | S §80€00°. . 829%00°* *0 Zv€900° . INIQISIYNION *1INULSNUD MIN 9y
146152°6 Y1L1€9° 2126021 oevTEE” BZ69€1°1 INFO0ISIW S1DNULSNUD MIN 6%
YZETET® 199220° 0yeEER"Z "0 50508%°98 NIW IWH3NIW Ld34 + WIHD by
! : €685HT* 2€5200°" 156859° 6ZHEE2Z"* 29%0L1°68 AMMYNOD + NIw AVID + INOLS €Y
TL64T0" L¥9€09 *0Z ozetv0* *0 0Z6T%0* SOINBIT *9°N + SY9 TWMNLIVN 2%
268490° 158€98 *95 gLLEEE" 081065° 5690£8°€ WN3IU¥LId 300D Tv
e 0 _...."0. R 0 R + B, ... . . ONINIW 1¥33 0% _
e1vL2y° G16200° 8918 °¢ H1GEQY "€ SGLLES* 6 ONINIW STIVIAW 6E
091900° _O1£200° $51E90" *0 650TH% 62 AdIS AMIHSI4 4ANLISHIO4 $°I1WIV B€
T105€60°€%T 966930° 815628°62 9E264 1% 0EYSE8 =4y S19NA0Yd A¥IHSI3Z ONV A¥LS3¥0d L€
¥2%250°1 1L6100° 2L12LL ¢ 2L5L19°8 LIYELT®E S13NG0Yd A¥ISUNN OGNV ISAUHIIYD 9¢
°0 *0 “0 0 0 23N $$dON2 110 SE
. YE%Z9B%E ____ _06T9L¥° ____ . €896£G°C . 901028° .__ . 0%Gg89°% . . S : YIMOTIIYS wE
-0 *0 ‘0 *0 *0 23N 44V9NS + SI1QVIZO3A €€
60L282°7 v98g22° €59190°1 9616€E° 996€16°2 S304Vi0d 1A3MS 2€
959€29°1 12098 €2E062 Y 16028€°1 959€29° $30LvI0d 1€
EEEEEE T *0 0 *0 i ‘0 SdDH 0€
0ZT40%°s1 8¥8510° 15T260°L OYb6TH2 692L89°€1 $1339 ¥VONS 62
L SELSER*9Y_____ €0SB0Q0° _ ___ A6%I6Y*C . . 9uiBB9° . 1€282Z€E°Y __ . . .. ... . . SND13W BT _
*0 *0 0 ‘0 Svad 4310 i2
*5B6GY ST BOL6IG® »Z1661° L1s€€2” ) zZL9vg2 1 ) SNv3® a2140 9¢
8%0815°91 1%8100° 6T%968°¢ 6292€1°1 669264°9 $374v1393A §2
[ 332323 72N €reLeL =2 . 9¢9E£9¢ *9 281818°1 000000°02 3N SSLINN 3FYL ONY R INY3 v2
LZESTY*6 62£200° 9LTSIY T 891684 002625°2 SLINYd SNYLTD €2
. ¥29%16°01 YE£6500° BS%L99°2 . Z@e2€lc ___ . __ SILBYO Y . . ... SLIndd4 SMYLTONON ZZ
BYLH69°SZ ¥85910° 6YHEH9 %Y 61EL%9°T 5829108 SONOW1V 12
295648°62 GBZ600° ] €61868°9 996010°2 LLzez1°21 SINNTVM 02
"0 0 *0 "0 ‘0 027ve0L 61
000000°0L . 000005° . 000006 *2¢€ 000000°0T_ 000000°6S 23N *SNIVWO 0334 ‘0034 81
Zo6€%2"01 602198 * 620668°2 0121200°1 BYL961 Y G33S SSvi9 L1
... . E8066E"TY 9€6Z20° _ BY226T°T . . 640992°% ____ .. 192806°%d . _ .. . ... Nlvy9 WNHOW¥OS 91
y11581°12 €YTLGE"2 €YT258° 11 1582%9°¢€ 62%1L6°02 SIVo T
91545821 . 81%900° 666598 °€ STZ98€°T 206629°9 JdNLSVd ONV AVH 1
SRE6R0°ES 025€€0° 820506°22 652558°9 »01902° 0% NYDD €1
SEBEEQ" 9T 992900° Z66961°8 0EBTEL"? £001CH°61 A3uva 21
6855961 101900 ° £91062°11 L5066 E 21169861 2214 1t
... A20220°TT____ 602%00° . ___ . _1L28%0°9 189899°T _____ 96B¢29°01 __ . _ . .. e 1V3HK 0T
L0%9Z0° 9T 915600° €2526T°L 2£0450€°2 86906521 NOL1OD &
YZ12€9°9T7 959566 * 80GYI 5" *0 9686€T1*1 S1JNG0Yd AdVIdy 8
€602L€°82 0v1855°2 0€602L 8 191690°% 91169461 ¥JOLSIAIT *3SIN L
T169T1L°ST 194210°1 BLTHOY T SEHTZT Y 600L64°2 J00M ONV *SEWYT *g13HS 9
€YTIGE*Z 9g2zy12° €EECED* €EEEEE” 8E2665° 1 : S9IH §

_LE6Z86°9 _ BIBEQQC ____ £9%90§°7 G58691°T . __ . LY9ZTE"Y ____. . R = 119 | & B 02 B P O L o S
6£6299° c28110° 509242° €00£29" GZHEGE® AYLIN04d $IHAO ONV SAINUNL €
1591699 121500° 881061°1 20%616°1 »0602L"1 $993 QNV SNINIIHD éSuFtiovd 2
015526°§ 619%00° 5589105 $80622°2 $29029°8 s31diva 1
03 M XON X0S . e1¥yd S¥0173S 318VL O/ VINYOILIVD

THOI19N008d 40 SYVI1I0 NITITIM ¥3d4 SNOL N1 SINZID143332 NIILRTIOd

0T ®TdeL

69



70

°0 €L029€° 181€20° ZLL110° 9¢g110° INAWdINDT JT41ANZIIS ONV SA2070 211
°0 L162%1° 1668800° ‘0 2ERLGO" INGWAINDY NOTLVIY¥OdSNY Yl ¥3H10 911
*0 20€6L9°82 82GE40° %29900° 0T1980° ONT41Vday ONY ONIGTINE Lv08 ONYV dIHS 611
. ... B%900Q° . . _82l281° _ 249€50° g0s210° Y66L10* L L4vdodIy »1T
£59000° G6B508°1 1€14E0°" 6£8200° 1L9180° S31ITHIA YOLOW ETT
0 9%%0%0° 1%2200° 142900°" 11891¢€"* $10n00¥d 1v2 14942373 251w 211
*0 €06261° 99€L%0" 6%1200° 2696€0° SININDdWOD JINDYWLI3T3 111
. *Q 1S0ST0" €£925€0" 911£T10" 9LEGDO® INZWAINDY NOILVIINNWWOD 017
*0 615020°" £09%00° 0 828910° S13S ONIA1323Y AL ONV 01OVY 691
. °Q EBHE6L" .. .. D . 0. .. £€£5090° e ONTHIM ONY ONTIHOID 21412373 801
°0 1€6069° £52010° ‘0 ©£L280° SAINV11ddV QTI0HISNOH LOT
0. ... %¥L6S%0° 655620° 249100 919L40" SNIVYYAdY TV [YLSNGNE T¥IIYID313F 90T
*0 STI¥10° . *0 vh6110° INdWAIND3 NOISSIWSNVUL 215133713 0T
SIGEND® _ . .. 9BGEET" GHZOED" EE6O%T" 9628L0° SANIHIVH ABWISNONT JDIAYIS H0T
0 $LL100° 96€000° "0 662TL6°1 INIWAINDT 301440 INY S¥3LNIWID €01
B *0 099€00° QR W9eIT0C ... S32000YUd dOHS INIHIVW 291
°9 6L2110° 12%€00°* *0 612110° TAMINIHOYW W IYLISNANT V33IN39 10T
. . °0_ .. ._S61920" .661920° GELR90* . G90T10" AYANIHOVH ¥ JYASNAONT T¥123dS 00T
¥06Z00° EYLLOO" L0BS00* 9149€0° 8SE6TO” AYINIHOVH ONINYOM V13K 66
... 8€BOLO" _____ _E9DETO* . . SESSZO* Y : TBEBET® JINTF ONITONYH TVIYILVH + NOILINULISNID 86
. . $9I9ETO" *0 *0 zZ09%20" AUINIHIVH WBYS L6
S LZZL1Te ¥£6910° 266%00° . 0 2lO0%0° ... SHOLYYINJD ONY SINIGUNL ‘SANIONI 96
192550° €16250° 1589%0° 591€Z0° 628621* $10NA0Yd VL34 03I L¥I1YBVd ¥IHLID 66
. S9ES0€* ____I0G6SD° . £RSLED* QEgLOO" . 109€L0° JUYMOYYH TYNINH9 OGNV _S7001 ONYH $AY3ITIND %6
98649%° ZL6EED" Z11562°1 *Q 690816* SONTAWVLS TVL3HW €6
e *0.__ . _%90€YI0° . *0 bl s U 0 $171N004Yd INTHIVA HIUIS 26
°0 . 2ZS0EO* 00%900° 194200° 0BEEO0T® 7331S VENLINYLS a3LvIldaEva 16
£212400° gEyeEEQ® . SZILOO° . Q) . C1EE0T® . . SAUNIX1J ONISWNId_ONY_SALyY¥vdd¥ ONILIVIH Q6
621990 6¥60%2° €220617° T12L10° €98662° SY3INIVINDD IV13W 68
zo89z0* . TYe€sTVO°. ... . 205091° YI6LES® 616652° R $19N00%d T¥iIW SNOYYIINON AuVWidd 689
GE0226°EN YOIy%0 " z26692¢" ZETLBE" S6ET129°€ SONTOYO4 ONV SITHONNDd 133LS OGNV NOWI 18
. AEC9GETTY . 4YWLZZC ... d9g9eezre ET966E°1T. 9LTY9L 2 $12n00Wd 13315 JISve QNY S3OYN¥N4 1Sy19 98
215962 °91 - 409%€0° Lzevyie*1 186€€9* LI A (YR A S1INA0Yd AVI3 ONV INOLS OSIW 68
««««« .20 CeLeLYYe FETERYIC. BGOZYOC _ . FET9E0°T. . S12N00Yd QILvi3Y _ONY Au3Ll0d %8
L28GL€E°2 195221° . 9Levee*t 6LLGH9" ¥99B1E"12 SLONQ0Yd AVI2 IWuNiondLs €8
B _ET0ZLEE L eh0yyYt _ L1EZ6S°ST EGZB5E*H 0L09€B° 05 SLONODYd FLIYINDD ONY INIWHD 28
- 0LOEYD" E0L6VT®° 99712612 0B6L6L"® Z0EBBE" 6 SSYi9 18
_BBYEQD® . . 89%091° _ _ 8E88¥0° 0 LE9260" S17N00Yd ONY ONINNYL 43H1v3I1 08
646510° $$6216°2Z LSYOLT® 98Z64e" 19022€°1 S1ONA0YUd SITLSYId ONV ¥3d8nY 61
14133401 698648 °% £ZA0T6 T 92€190° m CwR0%9RC . 5.9000¥d_031Y13Y ONY ONINIJIY wWN3T0YLdd BL_
*0 6¥6¥22°1 €180T0° 8GEGTT® S12n000¥d 03TNI¥ ONV SINIvd L1
666600° _  @ZE0E6* . €0ZLST® m¢m~oo. 4] £21: 1 S SNOTLVUVE3Yd LATI0L ONV ONINVITD 92
6166%0° ZY¥ZE9 69 ZE90BS * BOYGED" B5860%° 59Nd0 St
CGL9%E0" _ 9v¥IB6Y*YY . $562%7°1 200800° ET10EH%*T SHIBTY DTLIIHINAS ONV STVIYILVH SIILSVId ¥l
6ZTLSLETE £9909¥°61 06T1Z6"* 25%69L°62 BIYBER*LT ST1yD2IW3IHI QUOK GNV KNI €L
_ HEEEYL” RETTLS *9€ BSSORE 2 .. I¥6ZLR°E._ . 968%2S° _ . . . _51Y21W3HI WHNLINJIBOY 2L
Z61€95° T 996921 LI1T128°2 €EYLL9°0T 19L899°¢€ SIVIIWAHI IVIWLSNOGNT 11
 %eET00" _ €2SOTT°  __ ZL9000°" s08L70° . LT1510° ONIHSI18nd ONY 9NL1INIYd 3IHI0 OL
016100° §98200° 016100° €E29T0° 618€00° SYIdVJSMIN 69
S9Z96H" 186680 _ €48910° BTLEGL" . 006199 " S19N00Y¥d qYvYQ94d3dvd + YAdvd 89
ZIv100° [TI1T I 0 2ziy10° s92081° $34N1XI4 OGNV JUNLINYNG 321430 L9
*0 LTRIL T4 N 0 60E6ST" . 3Y0LINYAY QTOH3SNOH 99
*0 SESL90° 0 *0 6E€2840° SYINIVLINDD NIOOOH 69
OLTLIT® __ E18%80° 812110 1808%1°1 E9LZEET.  SLIN00¥d AOCM ¥3IHIO0 + CDDMATd *AHOMITIN %9
9EGLEL®Z €L6992° e849650°* €55815° 60E9%5%G STTIWMYS ¢ SAWYD ONIDSOOT €9
9219200° e-,ii;,Mqo-. o 9€Z000°* 866%20° 0€2001" N ) S1InG0Yd 3111x3L 29
°0 ' *0 *0 ‘0 SYIYNLIVINNYH 0D2VvEDL 19
.. 2hELBE" 186042 89€600°  ___ 2BL1S0% ___ G%9Zi9" e ......S12nQ0Yd _Q0Q4 JSIN 09
»CE100° SEEE00° 6E£000° 195910° 2290%0° SHONTYOAVTS OGNV S3IHVEIATE 68
. S99LE0"  6986E9°Z $Z%£00° E¥Z6HET 6G9119°9 SLON00dWd AYYNOILIFINDD 86
1€9291° 9.9686° 866410° ZZ160€°1 698406° ¢ ’ HYONS LS
%48000°  518000° *0 66020 L1g981° S13N00Yd AYIAYE 96
Qo OH XON X0s *IAYd
"Juod - 0T °19el




ANdING 55089 = LNdNI.

SITUVIQIWHIEINE IVIINVNIZ ONV ONINVE €€1

*313 450009 9NI1HOdS

alaav INTvA Iviol €91
YMOTIY. NJFLAWNSNOD WWEldY) 291

s3Xvi SSANISNE LIIYIOND 191

IWOONT JdAL LI40¥d 651

SINGNT IEVIAIWIILINI WLDL 161
S31Y¥iISNANT TvI23dS 961
AISNONT IN3IWNYFADD 661
SITULSNONT AWANO 451

SEu0dWI 3AFLILIdWOONDN EST
YILNI LAQ9D TVIO0T _ONV_3LVLS 261
Bd¥ILNT LAD9 1v¥3aad ¥aHio 161
321340 1S0d 05t

SNDILYZINVOUY0 11d404dNDON 6%1
$331AY3S TVYNOILVONGY 8%1
$3J2IA¥3S WIIO03IW HIHLIO LHT
_SW1lds0n 9%1
S1STANIO ONV SH01D00 641

S NOILYIYIFY OGNV - INFHISNRY %%T
$34NLd1d NOLLIOW €%1

divd3ay 31180WOINV 241

| §371AM3S WNGISS340dd ISIW To1
. e 9ONTS1MY3IAGY 0%
¥3S SSINISNG SNOINVIIIISIW 6T
J1AY3S ¥1vd3d ONY TyNOSH3d 8E1
SIIVId INIDADT OGNV ST3L0R LET
3Lvisa v3d 9¢1

31viS3 1v3y 031dAID0 YINMO SET
. BONVHNSNT YET
J0v3L 11vidd Zel
3avdl 3IWSI0HM TET
30IAUIS AMVIINVS ONp d3LVWM 0T
SHILSAS ONV S3INVAWOD SYY 62T
SAS ONYV_SIINVJIWOD J1ui2373 621
avoye NOISIA3TAL ONV Olovd 221
010Vd 1d433X3 NOILVIINNWWO) 921
S3IDTAUIS NOILVLIUWOMSNYYL S71
NOILVIYOdSNYYL 3IN1I3dId %21

NOIEVIHOdSNVUL dIV €21

NOILVLVHOJSNY YL 4ILVH_22T
NJITIVINDJSNVYEL WIN¥L 121
aNV LISNYYL %301 021

Sayo¥1Ivy 611

$AMT3IMIC BTT

B 0 et | SO *Q 20 [N ¢ IR
*0 ‘0 0 b ] *0
0 ... .. "0 *0 B 0 0 SAM
*0 °0 °0 *0 0
N - ‘0 . e ®0 *0 0. 0 .
*0 0 0 *0 *0
,,,,, . 1} VL o OO ¢ NSO ¢ DS
*0 °0 *0 *0 ‘0
*0 e e 20 *Q Y B 0
°0 *0 *0 0 *0
e . ... *0 P ¢ A ¢ ‘0
‘0 *0 0 *0 *0
e AS®lOEc@Y . _Z6O00OL°€ . Y6€2G9°0% . F9SRZI'HE _ 9Z2L16°C . . .9381Yd
£E€E6C0° ¥1901¢° c064H4°1 6EBEODY° £€85669° $3S1
o, 926EET°Y ... __€9602Z2° . LY8606" 695012 _ esg8L0" C
¥9%000° 601500° »66T60°" 862620° 06Ll510°
966100° _______200SZ0° LE9EBY T 698E9Y° ey12iT”
080%1%* . sZrz01” 6260902 LEA AT AR 2912¢e1°
e e - EB6000° $2%%00° 0s002% 99062 61L%L0 S e -
942610°1 281081 ° 0690%9° 0LeEH0” 94186 0°
. *Q . 12920Q°. .ET01€0° 20 B9EHDO® SIIIANT
°0 T14800° 196600° " 21€500° 8Ze100°
¥sLs00° 618191°L. $09000°" E0EQO0° . H662€0°
0 102200° 169590° €22Z%10° 169600°
(DU | IS, §. 4 3 L)1 Rl . 0 Q98000 e
$e1000° 665€00° 62%%00° 1£2000° 025010° S3IDIA
908100° . BOEIYI 6 L161T0° 2L69T10° 820600° . s3
*0 ¥9L000° ezietr1” "0 LsQe00"
00%99€°2 . 98002%° 881219°1 9c9e9TT .. QeleHrr . . _.
0 *0 ‘0 0 *0
R 1} 851000° ggr000°® 0 i S
Le8289s" 116801 ° L3174 0 01688%9° £59590°
$91000°  _ _ w¥9BLY®. _ .. . _ ¥21%00° A I YL9200°
862400° Py09ZE"TT 998622° 0€0£00" LeceQl”
645526 _ L9AUIS". . BL1995°6 6161689°21 16¢5€2°% S
‘0 0s1010° 865€10° s15000° ‘0
e 6%9185°2 €£9961Q°T. ____ . 6€9629°61_ _ 9IE0f%°12._ . __86919%°9 _ .. . SWil
€995€0°* 888110° €£90€5¢ " 10€815° 1€8210° INILSYD
1$920L° Q1L921” 191995 ° ¥%9622° /E€99%0° Al OGNV
Y18510°  ZZEOT* 61%960° €L1021" 652200°
Y6€990° ZSL61E *92Z2 2808s1" L616820° g60%190°
66%LLLTY Y9€€60°21 261984 Y 2EEHEQ” €18948°2
. Y6062Y2  _ 99GY0T°1 . [£1269°9 . . ___EOQBSGZOZY . LlR9TCT . e
L0S0E"692 1e122€°02 942982 °0L 91%28EL 226562°8
T1eL%%°981T Zv6269°28 621086 °6% $2Z€T1°9 _ c82128°5 S$35N8 ALIDYILNE
0L5965°01 699089 *6 892156 €2 »82%89°¢ 2e0202°2
8€€100° . ELgez2?” [ TL 4 O 1371 Y4 8 2626201
0D OH XON X0Ss Lavd
“3uo) - 0T °T9eL

$S0¥Y %91

_NOLLYSNIgWD) 3IA0TdWT 851

71



11. Developing the Emission Coefficients for Rir Basins

(1) The Emissions Inventory Data

For the statewide model the emissions inventory data were relatively
complete in terms of SIC code coverage. For those sectors where no basic
emissions data were available, recourse could be made to the fuel combustion

data derived for input-output sectors.

At the air basin level the basic emissions inventory data became
rather sparse and the fuel combustion data by sector were not available.
In view of this a procedure for estimating pollutant levels by detailed

sector based on statewide averages had to be devised.

A computer program was written to sort the emissions inventory data into
input-output sectors by air basin. &As an example, the emissions inventory
array for the five pollutants for the San Diego air basin is shown as Table
11. The columns of the array are totaled for each of the five pollutants,

permitting a comparison with the totals of the air basin summary data.

(ii) The Alr Basin Summary Emissions Data

The summary emissions data for each of the 22 economic categories of
the air basins were converted tc tons per vear. These data are shown in Table
12 along with the basin totals for each pollutant. When the totals of the
summary data of Table 12 are compared with the totals of Table 11 it is seen
that only 1% of the CO emission is covered by the emissions inventory data
along with some 15% of the particulates. Similarly only 27% of the NOx
emissions are covered. Approximately 67% of the SOx emissions are covered

by the inventory data.
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(iii) Merging and Adjusting the Data

To overcome the disparities between the basic emissions inventory data
and the summary data which the comparisons reveal, the statewide coefficients
were applied to each input-output sector of the air basin where the emissions
inventory showed zero pollutants. The statewide coefficients were first mul-
tiplied by the production level for each sector in the air basin to obtain
estimates of pollution levels in absolute terms. Where the basic emissions
data were non-zero these were used directly and entered into an "unadjusted"

data array by input-output sectors.

This procedure attempts to use as much of the primary emissions data
available for detailed sectors at the air basin level as possible. Where
no such data exist but production units are obviously present resort is made
to applying the statewide average emission coefficients to the estimated
levels of production for the relevant sectors of the air basin economy.
The resulting array, composed of some primary data and some statewide average
data is subsequently adjusted to agree with the summary emissions data

given for the 22 economic categories of the individual air basins.

As in the statewide case described above, the input-output sector pol-
lutant data were subsequently adjusted to agree with the basin summary data
first by each of the 22 categories and then in a final adjustment to
bring the totals of the 152 sectors into agreement with the totals of the
basin summary data. Following the pattern for the statewide case, if the
basin summary data showed zero for a given category but the estimating tech-
nique used for the input-output sector indicated that pollutants were present,
the zero of the basin summary data was ignored and the input-output sector

estimate was used.
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(iv) The Air Basin Coefficients
The total pollutant levels derived as described above were divided
by the producticn levels for the basin industries and the coefficients

formed in tons of pollutants per million dollars of production.

The procedure is the best that could be devised without resorting to
an extensive analysis of the primary éata along with the abatement practices
prevailing in each air basin and then establishing the coefficients for
detailed sectors on an ad hoc basis. The procedure has merit, in that it
attempts to capture the differences in emission levels among the various air
basins. Because of the highly aggregated nature (22 categories) of the summary
emission data certain disparities in the primary data cannot be overcome by
the overall adjustment processes that have been applied. A comparative analysis
of the statewide and air basin coefficients per unit of product delivered

revealed certain anomalies in the rankings of various industries among basins.

A specific example of the primary data problem can be given.

As might be expected Truck Transportation and Local Transit and Inter-
city buses rank among the top five sectors statewide in terms of carbon monox-
ide emission levels. This is also true in each of the air basins except the
San Francisco Air Basin. An analysis of the San Francisco 2Air Basin data
reveals that a very small amount of CO is reported in the primary emissions
data for the truck transpoftation sector. The procedure for estimating the
emission coefficients for the basins, as ocutlined above, requires that state-—
wide averages be applied unless primaryv data are available. In this instance
primary data on CO emissions are available for the truck transportation sec-
tor, but as given are several orders of magnitude below the statewide averages.

Nonetheless one might expect that the final "adjustment" process to which the
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primary data are subjected to bring them into agreement with the summary
emissions totals for the basin would correct such a deficiency. This would
be true if there were a one-~to—-one correspondence between the input-output
sectors and the categories of the air basin summary data. Since this is
not so, a proportional adjusting of the primary data will leave those ori-
ginal data entries which diverged substantially (order of magnitude) from
the statewide averages in a relatively unchanged position in terms of
ranking. Undoubtedly, complex procedures could have been devised for
flagging those entries outside of certain tolerance limits and adjusting
them statistically to conform more closely to the statewide averages. As
noted above, however, this would have required an in-depth comparative
analysis of the emission coefficients for all air basins. Certain anomalies
due to the primary data deficiencies remain in the analyses presented below.
These do not detract from the general usefulness of the method and should
only serve to highlight the need to improve the data gathering and verifi-

cation processes.
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12. Direct plus Indirect plus Induced Emissions per Unit of Product Delivered

(i) Methed

In Section 2 details of the typical input-output multiplier and impact

analysis were given. An analysis of this type was accomplished routinely

for the statewide model and for each ‘air basin in several steps.

(i1)

The Leontief Inverse (I—A)“1 was formed for each input-output
model.

The pollution coefficients which were derived as described
in preceding sections were set up as a diagonal matrix and mul-
tiplied into the Leontief inverse.

The columns of the resulting matrix were summed to give the
"direct plus indirect" emissions per million dollars of demand.

-1 . .
The (I-A) inverse matrix was augmented with the household
column and household row and reinverted.

The augmented matrix was again pre-multiplied by the diagonal
matrix of pollution coefficients.

The columns elements of the augmented inverse were again summe:!
to give the "direct plus indirect plus induced” emissions per
million dollars of demand.

This procedure was repeated for each of the five air pollutants
P, NOx, SOx, HC, CO.

The results were ranked so that each of the industries of the
various models could be viewed in terms of its pollutant output
per one million dollars of product delivered.

Results

The results indicate that there is a substantial difference in most

instances in the direct, or "on site" emissions for a given industry and

the "total" pollutants load from all industries to deliver its product to
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final consumers. Virtually all industries are interrelated in the modern
economy, so that a study of the "on site" emissions of a particular indus-
try while critical, should also be related to the broader aspects: of how

that industry is interrelated with the other industries in the economy.

The results of the interindustry analysis and the rankings for all in-
dustries are shown in the Appendices. The top ranking industries for each

pollutant and each air basin are shown. on succeeding pages.
(a) Particulates

For the State of California and for each of the four air basins the
ten principal sectors ranked according to the total emission coefficients
for particulates are shown in Table 13. The sectors which appear most fre-
quently among the principal sectors across the five economies are the Fores-
try and Fishery Products sectors and the Corn sector. Each of these two
sectors appears as one of the prime sources of total particulate emissions
per unit of final demand in the State model and in the South Coast, San
Joaquin and San Francisco basins. (In the San Diego basin the Forestry. &

Fishery Products sector is ranked 19th and there is no Corn sector.)

Although Metals Mining and Confectionary Products do not rank among the
principal sectors statewide, each appears among the prime sectors in three
of the four basins. The ratio of total (direct plus indirect plus induced)
emissions varies for the Metals Mining sector from a low of 1.05 in the San
Francisco basin to 1.23 in the South Coast Basin. For Confectionary Pro-

ducts the ratio varies from 1.05 in the San Diego to 1.3l in the San Joagquin.
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Table 13

Particulate Emissions Coefficients Ranking - 1976
Direct Total
) (Tons/$10 )| (Tons/$10 )

Calif. 43 |Stone & Clay Mining 89.8 103.2 1
44 {Chem. & Fert. Mineral Mining 86.5 99.0 2

18 |Food, Feed Grains, nec. 55.0 78.6 3

82 |Cement & Concrete Products 50.8 78.2 4

37 |Forestry & Fishery Products 44.9 55.9 5

13 {Corn 40.2 51.3 6

7 }Misc. Livestock 15.5 40.0 7

38 jJAgric., Forest, Fish. Serv. 25.5 38.9 8

55 }Grain Mill Products 12.5 35.2 9

83 jStructural Clay Products 21.3 35.0 10

San 18 | Stone & Clay Mining 212.9 221.5 1
Diego | 51 INew Constr. Public Utility 95.5 97.7 2
55 |Structural Clay Products 56.2 70.1 3

31 jConfectionary Products 21.8 22.9 4

54 }Cement & Concrete Products 1.7 21.6 5

91 {Truck Transportation 19.1 20.8 3]

53 | Glass 15.9 19.4 7

45 |Gum & Wood Chemicals 17.6 19.3 8

1¢ {New Construct, Residential le.6 18.4 9

57 |Misc. Stone & Clay Products 2.3 17.7 10
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Table 13 (Cont.)

_ Direct Total
Region ;;? Sector Name gz::zfon . gzzzzfon Rank
(Tons/$10 )| (Tons/$10°)
South 108 | Local Transit & Intercity Bus. 51.5 52.4 1
C0ast 1 33| chem. & Fert. Mineral Mining 29.3 30.9 2
116 | Electric Companies & Systems 9.7 10.1 3
27 } Forestry & Fishery Products 9.1 9.9 4
12 | Corn 8.2 8.8 5
14 |} Oats 4.2 4.8 6
29 | Metals Mining 3.2 4.0 7
7 | Misc. Livestock 3.2 3.9 8
11 | Barley 3.1 3.9 9
74 | Blast Furnaces & Basic Steel 2.8 3.8 10
San
Joaquiry 66 | Gum & Wood Chemicals 155.5 163.5 1
76 | Structural Clay Products 149.4 155.1 2
34 | Metals Mining 115.7 122.5 3
18 | Food, Feed Grains, nec. 80.0 86.7 4
110 | Jewelry, Sporting Goods, etc. 77.8 84.2 5
32 ‘Forestry & Fishery Products 65.2 70.0 6
13 | Corn 58.4 64.4 7
52 | Confectionary Products 34.8 45.5 8
72 | Rubber & Plastics Products 37.7 43.5 9
16 | Sorghum Grain 36.2 42.0 10
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Table 13 (Cont.)

Direct Total
)l (Tons/$10 )| (Tons/$10 )
San 26 Metals Mining 91.7 %6.1 i
Franc. | ¢5 |Glass 22.4 24.5 2
24 Forestry & Fishery Products 15.2 16.2 3
57 Gum & Wood Chemicals 14.7 16.0 4
11 Corn 13.6 14.4 5
68 Pottery & Related Products 10.4 11.2 6
43 Confectionary Products 9.5 11.1 7
14 Sorghum Grain 8.5 9.3 8
25 Agric. Forestry, Fishery Serv. 8.6 9.1 9
47 L.ogging Camps & Sawmills 7.5 8.7 10
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The ratio for each sector varies across the basins because of differing

economic linkages and differing coefficients between the economies.

The sector with the highest total particulate emissions coefficient
is the Stone & Clay Mining sector in the San Diego basin. Its coefficient
of 221.5 tons of particulate matter per million dollars of pioduction for
final demand is substantially higher than the 163.5 figure of the next
most significant sector, Gum and Wood Products of the San Joaguin basin.
It is also significantly higher than the 103.2 value for the Stone & Clay

Mining sector in the California state-wide economy.

While the single most significant emitter of particulates on a per
unit production basis is located in the San Diego basin, the most signifi-
cant emissions overall are to be found in the San Joaquin basin. Each of
the principal sectors ranked two through ten in this basin have higher
emission coefficients than their correspondingly ranked sectors in the

other three basins and the statewide economy.

The fifty principal sectors, ranked by total particulate emission

coefficients in each of the five economies are shown as follows:

California..... Table 14
San Diego...... Table 15
South Coast.... Table 16
San Joaquin.... Table 17
San Francisco.. Table 18
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(b) Sulfur Oxides

For the State of California and for each of the four air basins the
ten principal sectors ranked according to total emissions coefficients of
sulfur oxides are shown in Table 19. The most significant emissions of this
pollutant resulting from production for final demands are associated with
the following sectors: Water Transportation, Gum & Wood Chemicals, Electric
Companies & Systems, and Industrial Chemicals. Water Transportation, which
ranks first in the San Diego basin, appears among the top ten sectors in
all five economies. Each of the remaining sectors ranks in the top ten
statewide and also in three of the four basins. On the other hand, Drugs,
Metals Mining, and Plastics Materials & Synthetics rank second in the San
Diego, South Coast and San Francisco basins, respectively, but are not found

in the top ten sectors statewide.

The sector with the highest total emissions coefficient in each of
the five cases is different from its counterparts in the other four:
Water & Sanitary Services (statewide); Water Transportation (San Diego);
Electric Companies & Systems (South Coast); State & Local Government Enter-

prises (San Joaquin) and Industrial Chemicals (San Francisco).

The sector with the largest coefficient overall is State and Local
Government Enterprises, which includes municipal public utilities, in the San
Joaquin basin. The SOx emission rate of 233.4 tons resulting in the basin from
a million dollars of production by this sector for final demands significantly
exceeds the rates associated with all other sectors. Overall, the San

Joanquin sectors display the highest SOx emissions rates.

It is of interest to note that in Table 19 there are several sectors
which show substantial differences between the emissions that are directly
attributable to the sector and the total emissions which result from the
sector's linkages to the rest of the economy. For example, the ratio of

the total emissions coefficient to the direct coefficient for the Water &
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Table 19

Sulfur Oxide Emission Coefficients Ranking - 1976
Direct Total
Region ;;? Sector Name g:z;;%on gzz;;%on Rank
(Tons/$10 ) (Tons/$10 )

Calif. | 130 |Water & Sanitary Services 12.7 42.4 1
152 }state & Local Gov. Enterprises 34.1 40.9 2

73 |Gum & Wood Chemicals 25.8 36.7 3

128 |Electric Companies & Systems 21.4 27.1 4

88 {Blast Furnaces & Basic Steel 11.4 21.5 5

71 {Industrial Chemicals 10.7 21.0 6

122 {Water Transportation 12.0 20.7 7

18 {Food, Feed Grains, nec. 10.0 19.8 8

120 |Local Transit & Intercity Bus. 5.1 18.3 9

82 | Cement & Concrete Products 9.4 18.3 10

San 92 |Water Transportation 78.1 85.9 1
Diego | 47 |prugs 55.4 57.5 2
97 |Electric Cos. & Systems 43.9 44.9 3

45 | Gum & Wood Chemicals 20.7 23.7 4

43 | Industrial Chemicals 8.6 12.2 5

58 | Truck Transportation 9.8 11i.6 6

54 | Blast Furnaces & Basic Steel 9.1 11.6 7

91 | Cement & Concrete Products 7.5 10.8 8

15 | Local Transit & Intercity Bus. 6.8 9.3 9

90 | Greenhouse & Nursery Products 7.0 8.9 10
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Table 19 (Cont.)

Direct Total
Region ;;0 Sector Name gﬁ:;:fon gzzzzfon Rank
. (Tons/$10 )| (Tons/$10°)
South 116 }Electric Companies & Systems 38.5 40.5 1
Coast | .9 |mMetals Mining | 31.2 33.4 2
110 |Water Transportation 12.1 15.5 3
74 |Blast Furnaces & Basic Steel 7.5 10.2 4
73 ]Misc. Stone & Clay Products 7.4 10.1 5
26 |Greenhouse & Nursery Products 8.0 9.9 6
27 |Forestry & Fishery Products 6.6 8.7 7
12 jCorn 6.3 8.3 8
70 }Cement & Concrete Products 4.9 7.9 9
109 |Truck Transportation 5.8 7.9 10
San
Joaquin{ 144 |State & Local Gov. Enterprises 227.4 233.4 1
122 |Water & Sanitary Services 2.1 157.4 2
66 JGum & Wood Chemicals 66.5 72.7 3
112 |Local Transit & Intercity Bus. 4.3 59.7 4
35 |Crude Petroleum 34.4 38.1 5
-115 JAir Transportation 14.8 24.5 6
‘114 Water Transportation 4.6 20.8 7
1139 jother Medical Services 15.5 20.2 8
71 |Petroleum Refining 2.3 18.1 9
64 |Industrial Chemicals 7.9 15.7 10
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Table 19 (Cont.)

Direct Total
Region ;;0 Sector Name ?g:zzfon ggzzifon Rank
: (Tons/$10 )| (Tons/$10 )

San 55 Industrial Chemicals 39.2 49.5 1
Franc. 58 | Plastics Materials & Synths. 0.0 17.8 2
56 Agricultural Chemicals 0.0 17.6 3

112 Electric Companies & Systems 9.5 12.6 4

57 Gum & Wood Chemicals 0.2 11.8 5

61 Paints & Allied Products 0.0 11.4 6

11 Corn 6.4 11.0 7

23 Greenhouse & Nursery Products 8.0 10.4 8

136 State & Local Gov. Enterprises 6.7 9.3 9

106 Water Transportation 5.6 9.2 10
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Sanitary Services_sector in the San Joaquin basin is 157.4/2.1 = 75.0.

This high ratio is attributable largely to the primary linkage between the

Water & Sanitary Services sector and the State and Local Government Enter-

prises sector. The relatively non-polluting Water sector purchases approx-
imately 86% of its intermediate local inputs from public utilities in the

State and Local sector which has the highest emissions rate in the basin.

The Plastics & Synthetics and~the Agricultural Chemicals sectors in
the San Francisco basin offer other examples of high total to direct
emission rates, examples which are closely analagous to the hypothetical
Service sector discussed in the Introducﬁion to this report. As was the
case with the theoretical Service sector, the San Francisco Plastics &
Synthetics and Agricultural Chemicals sectors have direct emissions co-
efficients of zero. 1In spite of their direct coefficients, however, the
sectors rank second and third in the basin on the basis of total emission
coefficients. This phenomenon arises primarily due to the fact that each
of the two sectors purchases over half of its total supporting local pro-
duction from the Industrial Chemicals sector which has the basin's highest

total emissions coefficient.

The fifty principal sectors, ranked by total SOx emission coefficients,

each of the five economies are shown as follows:

California...... Table 20
San Dieg0....... Table 21
South Coast..... Table 22
San Joadquin..... Table 23
San Francisco... Table 24
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(c) Nitrogen Oxides

The principal sectors ranked according to total emission coefficients
of nitrogen oxides are shown in Table 25. As can be seen from the Table
the transportation sectors are prominent. The Truck Transportation and
ILocal Transit & Intercity Buses sectors place in the top ten sectors state-
wide and in each of the four basins with the notable exception of the Truck
Transportation sector in the San Francisco basin. Railroads also place in
the ten principal sectors in four of the five cases, ranking eleventh in
the San Joagquin basin. Air Transportation ranks first in the San Joagquin

basin and eighth in the San Diego basin.

Several non-transportation sectors are also prominent among the
principal sectors. Forestry and Fishery Products appears in the top ten
in each of the five cases. The State & Local Government Enterprises and
the Water & Sanitary Services sectors appear among the principal sectors in
each listing, save for that of San Diego where they rank twelfth and four-
teenth respectively. The Corn sector, ranked seventh statewide, places

sixth in the South Coast and San Francisco basins and tenth in the San

Joagquin.

The Air Transportation sector in the San Joaguin basin has the
highest NOx emission rate of all sectors. Its coefficient of 281.9 tons
per million dollars of production for final demand significantly exceeds
the second ranked coefficient of 225.0 associated with the Local Transit
& Intercity Buses sector in the San Francisco basin. Overall, the sectors

of the San Joaquin basin again display the highest coefficients.

The fifty principal sectors, ranked by total NOx emission ccefficients,

in each of the five economies are shown as follows:

California ..... Table 26
San Diego ..... Table 27
South Coast ..... Table 28
San Joaquin ..... Table 29
San Francisco ... Table 30
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Table 25

Nitrogen Oxide Emission Coefficients Ranking - 1976
{ Direct Total
' Pagion ;;0 | Sector Name ?:z;;%on . ii:;:%on Rank
| - (Tons/$10 ){ (Tons/$10 )
Calif. | 121 |Truck Transportation 70.3 87.6 ]
120 |Local Transit & Intercity Bus. 49.6 68.0 z
.8 l|Food, Feed Grains, nec. 32.5 51.8 3
152 |State & Local Gov. Enterprises 40.7 51.4 4
130 {Water & Sanitary Services 9.6 47.3 5
37 (Forestry & Fishery Products 25.8 37.4 €
13 jCorn 22.9 34.4 7
119 jRailrcads 23.6 34.3 8
32 jCement & Concrete Products 15.6 33.6 9
7 IMisc. Livestock 8.7 28.0 10
San 31 1Truck Transportation 169.2 180.7 1
Diego 20 }jLocal Transit & Intercity Bus. i19.4 124.2 2
47 {Drugs 74.5 77.9 3
37 {Electric Companies & Systems 37.6 39.6 4
92 {Water Transportation 32.4 39.0 5
16 {(Forestry & Fishery Products 22.0 25.8 6
89 {Railroads 15.4 19.9 7
93 |Air Transportation 14.2 17.9 8
55 iStructural Clay Products 9.2 13.4 9
122 (Dummy Industries 0.0 11.5 10
N I
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Table 25 (Contd.)

Direct Total
Region ;;0 Sectoxr Name gg:;;fon . gﬁzzzfon Rank
) (Tons/$107)} (Tons/$10°)
South 109 } Truck Transportation 55.5 65.3 1
Coast 108 | Local Transit & Intercity Bus. 39.1 46.0 2
116 | Electric Companies & Systems 28.7 . 31.7 3
27 | Forestry & Fishery Products 24.5 28.0 4
107 | railroads 21.9 25.8 5
12 | Corn 21.7 24.8 6
118 | Water & Sanitary Services 7.0 21.2 7
140 } State & Local Gov. Enterprises 15.9 20.0 8
110 | Water Transportation 11.0 17.0 9
70 | Cement & Concrete Products 8.7 16.2 10
San
Joaquin 115 }Air Transportation 272.7 281.9 1
144 { State & Local Gov. Enterprises 139.9 l46.6 2
76 | Structural Clay Products 122.7 129.4 3
34 | Metals Mining 105.3 112.1 4
122 |Water & Sanitary Services 2.8 101.0 5
113 | Truck Transportation 78.6 92.5 6
112 }{ Local Transit & Intercity Bus. 55.4 92.2 7
18 | Food, Feed, Grains, nec. 19.8 26.7 8
32 | Forestry & Fishery Products 15.7 21.1 ]
13 | Corn 13.9 20.4 10
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Table 25 (contd.)

Direct Total
Region ;;0 Sector Name gﬁ:;;?on . gﬁ;;;fon Rank
) (Tons/$10 )| (Tons/$107)

San 104 }Local Transit & Intercity Bus. 213.6 225.0 1
Franc. | 13 | state & Local Gov. Enterprises 41.5 45.2 2
114 {water & Sanitary Services 0.1 26.5 3

24 | Forestry & Fishery Products 23.2 25.9 4

112 [Electric Companies & Systems 22.7 24.5 5

11 §{Corn 20.5 23.2 6

137 | Dummy Industries 0.0 18.6 7

14 | Sorgum Grain 12.7 15.7 8

103 JRailroads 10.9 15.7 9

13 jCats 10.6 13.3 10
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(d) Hydrocarbons

The hydrocarbon emission coefficients for the statewide econcmy and
for the econcmies of the four air basins are shown in Table 31. Although
the transportation sectors are not as prominent as they are in the case of
nitrogen oxide emissions, they are nevertheless important among the sectors
with the highest emission rates of hydrocarbons. Local Transit & Intercity
Buses appear in the lists of all five economies, placing first in the San
Diego and South Coast basins. Pipeline Transportation and Truck Transport-
ation also appear among the principal sectors statewide and in the San Joaquin
and San Francisco basins. Air Transportation, which ranks first in the San

Joaquin basin, is also one of the principal sectors in the San Diego basin.

Prominent non-transportation sectors include Plastics Materials &
Synthetics, Drugs, Crude Petroleum, and Agricultural Chemicals. Each of
these sectors ranks among the top ten sectors statewide and among the ten
principal sectors in three of the four basins. The Ship and Boat Building
and Repair sector is ancther conspicuous sector. It is among the principal
ten sectors statewide and in the South Coast and San Francisco basins and
places eleventh and ninteenth, respectively, in the San Diego and San

Joaquin basins.

The Local Transit and Intercity Buses sector in the San Diego basin
is the sector with the highest emissions coefficient. The rate of 688.7
tons of hydrocarbons per million dollars of production for final demand
exceeds slightly the next highest coefficient of 657.6 tons associated with
the ARir Transportation sector in the San Joagquin basin. With the exception
of the top ranked sector, the sectors of the San anquin basin have higher

coefficients than correspondingly ranked sectors in the other three basins.
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Table 31

Hydrocarbon Emission Coefficients Ranking - 1976
Direct Total

Region ;;0 Sector Name ggi:;fon ﬁziz;fon Rank

) (Tons/$10 )| (Tons/$10°)
Calif. | 124 | Pipeline Transportation 224.3 239.5 1
| 120 | Local Transit & Intercity Bus. 82.7 100.1 2
121 | Truck Transportation 70.3 95.1 3
74 f Plastics Materials & Syntheticy] 64.5 91.1 4
75 | Drugs 69.6 91.0 5
41 § Crude Petroleum 56.9 72.3 6
72 J Agricultural Chemicals 36.6 62.6 7
42 JNat. Gas & N.G. Liguids 20.6 51.6 8
78 | Petroleum Refining 4.8 47.5 9
115 ] ship & Boat Building & Repair 28.7 46.7 10
San 90 | Local Transit & Intercity Bus. 681.9 688.7 1
Diego | 47 | brugs | 120.2 125.2 2
53 | Glass ‘ 106.3 110.6 3
46 | Plastics Materials & Synth. 101.3 105.7 4
111 | Auto Repair ' 42.6 47.1 5
44 | Agricultural Chemicals 38.9 42.4 6
122 } Dummy Industries 0.0 34.3 7
93 | Air Transportation 25.9 31.3 8
100 | Wholesale Trade 15.7 21.2 9
107 | Personal & Repair Services 15.1 21.0 10
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Table 31 (contd.)

Direct Total
Region ;;0 Sector Name gziz;%on ﬁﬁizzfon Rank
) (Tons/$10 )] (Tons/$10°)
South
Coast 108 | Local Transit & Intercity Bus. 553.3 558.9 1
31 | Natural Gas & N.G. Liquids 196.3 200.6 2
62 | Plastic Materials & Synth. 66.0 70.8 3
141 | Dummy Industries 0.0 28.4 4
103 | ship & Boat Building & Repair 17.6 22.1 5
107 | Railroads 9.7 16.1 6
60 | Agricultural Chemicals 11.5 i6.1 7
126 | Personal & Repair Services 9.4 14.0 8
30 | Crude Petroleum 9.6 13.2 ]
119 | Wholesale Trade 7.6 11.7 10
San
Joaquin} 115 | Air Transportation 646.6 657.6 1
68 | Drugs 361.5 368.9 2
66 [ Gum & Wood Chemicals 184.3 195.2 3
116 §{ Pipeline Transportation 149.9_ 156.4 4
112 | Local Transit & Intercity Bus. 118.2 129.1 5
113 | Truck Transportation 100.5 118.6 6
67 | Plastics Materials & Synth. 90.8 100.5 7
35 | Crude Petrocleum 48.3 53.7 8
65 | Agricultural Chemicals 22.3 33.5 9
71 | Petroleum Refining 8.6 33.1 10
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Table 31 (contd.)

Direct Total
Region ;;0 Sector Name gﬁi;;fon gﬁizzfon Rank
i (Tons/$10 )} (Tons/$107)
San 59 | Drugs 243.4 257.0 1
Franc. 99 | ship & Boat Building & Repair 80.8 87.8 2
27 | Crude Petroleum 73.6 77.3 3
104 | Local Transit & Intercity Bus. 44.5 49.6 4
105 |} Truck Transportation 37.9 47.5 5
28 | Natural Gas & N.G. Liquids 26.7 29.6 6
70 } Blast Furnaces & Basic Steel 13.4 19.8 7
108 | Pipeline Transportation 14.9 19.0 8
115 | Wholesale Trade 11.1 15.8 9
122 § Personal & Repair Services 10.3 15.2 10
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The fifty principal sectors, ranked by the total emission coefficients,

in each of the fiwve economies are shown as follows:

california .... Table 32
San Diego ... Table 33
South Coast .... Table 34
San Joaquin .... Table 35
San Francisco... Table 36
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{(e) Carbon Monoxide

The carbon monoxide emission coefficients for the p;incipal sectors
in the California statewide economy and for each of the four air basins are
shown in Table 37. As would be expected the Truck Transportation and the
Local Transit & Intercity Buses sectors are found among the first five prin-
cipal sectors in the statewide economy and in the economies of each of the
four basins (with, again, the notable.exception of the Truck Transportation
sector in San Francisco Basin). The Forestry & Fishery Produéts sector is also

among the first five sectors in each case.

The Corn sector is among the principal emitters of CO statewide and for
each basin where corn is produced. (Corn production is absent in the San Diego
Basin.) Gum & Wood Chemicals, which ranks first as an emitter of CO statewide,
ranks among the top ten sectors in the San Diego, San Joaquin and San Francisco
basins. The Blast Furnaces & Basic Steel sector, sixth statewide, is found

among the principal sectors in both the San Diego and South Coast basins.

The most significant sector in the rankings is the Local Transit &
Intercity Buses sector in the South Coast basin. Its total CO emission co-
efficient of 962.6 is almost four and a half times the statewide average of
215.7. The coefficient for this sector is slightly higher than that of the
next largest figure, 928.0, of the San Joaguin Gum & Wood Chemicals sector.
For each of the principal sectors #2-10, the San Joaquin sectors exhibit
higher direct and total emission coefficients than the correspondingly ranked

sectors statewide and in the other ailr basins.

The fifty principal sectors, ranked by total CO emission coefficients,
in each of the five economies are shown as follows:

California «---- Table 38
San Diego ----- Table 39
South Coast-.--. Table 40
San Joaguin----. Table 41
San Francisgcos+- Table 42
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Table 37

Carbon Monoxide Emission Coefficients Ranking - 1976
Direct Total
Region ;;0 Sector Name ?::;;Ton gg;;zfon Rank
) (Tons/$10 )| (Tons/$10 )
Calif. 71 | Gum & Wood Chemicals 323.8 367.3 1
121 | Truck Transportation 269.6 326.1 2
120 | Local Transit & Intercity Bus. 186.4 215.7 3
37 | Forestry & Fishery Products 143.1 178.3 4
18 | Food, Feed Grains, nec. 70.0 116.5 5
86 | Blast Furnaces & Basic Steel 41.4 86.4 6
13 } Corn 53.1 81.7 7
63 | Logging Camps & Sawmills 2.7 79.6 8
7 | Misc. Livestock 28.4 76.6 9
6 | Sheep, Lambs & Wool 15.7 69.5 10
San 90 } Local Transit & Intercity Bus. 822.6 831.6 1
Piego | o1 | rruck Transportation 414.2 441.7 2
45 | Gum & Wood Chemicals 252.4 263.4 3
16 | Forestry & Fishery Products 11l.6 122.6 4
122 | Dummy Industries 0.0 46.5 5
93 | Air Transportation 34.5 42.9 6
58 | Blast Furnaces & Basic Steel 32.3 42.2 7
35 | Logging Camps & Sawmills 2.1 34.1 8
57 { Misc. Stone & Clay Products 13.1 23.1 9
28 | Canned & Frozen Foods 0.0 20.8 10
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Table 37 {(Contd.)

o Direct Total
Region ;;0 Sector Name ﬁgizz%on Eﬁi?;%on Rank
) (Tons/$10 )| (Tons/$10 )
South 108 | Local Transit & Intercity Bus. 950.1 962.6 1
coast 1 109 | Truck Transportation 215.9 252.2 2
27 §| Forestry & Fishery Products 130.6 143.3 3
74 | Blast Furnaces & Basic Steel 69.7 90.3 4
141 } bummy Industries 0.0 60.1 5
12 | Corn 48.4 56.8 6
73 { Misc. Stone & Clay Products 29.9 43.9 7
111 | Air Transportation 27.5 38.6 8
7 | Misc. Livestock 25.9 33.7 9
16 § walnuts 23.6 32.3 10
San
Joaquin] 66 } Gum and Wood Chemicals 895.6 928.0 1
113 § Truck Transportation 555.2 628.5 2
112 { Local Transit & Intercity Bus. 443.2 465.5 3
32 | Forestry & Fishery Products 121.5 140.0 4
87 | Cutlery, Hand Tools 111.7 124.1 5
115 | Air Transportation 98.3 118.2 6
18 | Food, Feed Grains, nec. 59.4 81.2 7
13 | Corn 45.1 65.0 8
76 ] Structural Clay Products 41.4 62.5 9
71 | Petroleum Refining 38.6 57.8 10
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Table 37 (contd.)
Direct Total

: (Tons/$10 )| (Tons/$10°)
San 104 | Local Transit & Intercity Bus. 200.9 204.3 1
Franc. | 54 | Forestry & Fishery Products 131.1 133.2 2
.47 | Logging Camps & Sawmills 54.0 60.8 3
11 | Corn 48.6 50.2 4
14 | Sorghum Grain 37.9 39.5 5
57 } Gum & Wood Chemicals 31.1 34.4 6
71 | Iron & Steel Foundries 27.8 30.5 7
7 } Misc. Livestock 26.0 27.1 8
15 } walnuts 23.7 25.4 ]
16 | Almonds 23.4 25.1 10
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13.. Synopsis
Non-survey techniques and secondary source economic data were used to

construct input-output models and emissions for the four major air basins

of the State of California.

California Air Resources Board emissions inventory data were supple-
mented with estimates of fuel combustion emissions to derive air pollution coeffi-
cients for five critical pollutants for each detailed sector of a state-
wide input-output model. The estimates were adjusted to agree with broader
emission totals for major economic categories provided by the Air Resources

Board for all California air basins.

The statewide coefficients for detailed industries were used to
supplement the basic emissions inventory data available for each air basin.
The totals thus derived were adjusted to the summary estimates of emissions

for each individual basin.

The adjusted emission coefficients derived for detailed sectors were
maltiplied into the Leontief inverses of each air basin input-output model
and the direct plus indirect plus induced emissions were calculated and
ranked for each of the five pollutants. The rankings indicate in tons per
million dollars of deliveries the total pollutant load generated in the

air basin economy for each industry.

The values of the emission coefficients derived for the various in-
dustries seem to be reasonable in terms of orders of magnitude. The
rankings indicate rather clearly those industries with higher pollutant
levels per million dollar of product deliveries. With all industries

on a comparable basis the disparities in emission levels in many instances
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are pronounced.

From the empirical results some observations may be made. First, for
each pollutant the sectors with the highest associated total emission rates
will vary between basins. Second, in each basin (and in the statewide economy
as well) the ranking of the economic sectors by total emissions differs from
the ranking by direct emissions. Third, the ratio of total to direct emis-
sions for a particular sector will vary across basins due to variations in

direct emission rates and to differences in industrial structure.

Although it has not been done in the study, the emission coefficients
could be related to employment and income levels for each basin and addi-
tional coefficients derived which ranked each industry in terms of employ-
ment or income generated per ton of pollutant emitted. In this manner those
industries which generate the lowest income and employment levels per ton
of pollutant emitted could be analyzed in greater detail as part of a
broader policy analysis concerned with the potential growth pattern of the

respective air basins.
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14. Glossary of Economic Terms*

Final Demand. Products and services that are purchased for ultimate use,
or consumption, and not for further resale or processing. Final demand is
contrasted with interindustry demand wherein products and services are pur-
chased as part of the production process.

Value Added. Value added is usually defined as the difference between the
final value, or sale price, of a product and the cost of the materials and
supplies used to produce the product. More specifically, value added con-—
sists of payments to wages, salaries, profits, interest, rent, taxes and
depreciation.

‘Multiplier. The concept relates to the secondary and tertiary (indirect)
increases or decreases of some measure of economic activity such as
employment or income resulting from an initial change in demand for, or
output of, some good or service.

Output Multiplier. The column sums of the Leontief Inverse of an input-
output model. These sums show in dollar terms the degree of "interrelated-
ness" of the sectors of the economy under study.

Technical Coefficient. (Technological Coefficient). The term used in
interindustry, or input-output, analysis to define the ratio of the units
of input to the units of output. Technical coefficients are derived by
normalizing (dividing) each of the column elements of the transactions
table by the respective column sum.

Leontief Inverse. The term used to describe the table which shows the
direct and indirect (total) requirements of each industry from all other
industries to deliver a unit of product to final demand. The table is
named after Professor Wassily Leontief who pioneered in the field of input-
output analysis.

* The interested reader may consult Douglas Greenwald et al., The MeGraw-Hill

Dictionary of Modern Economics, McGraw-Hill, New YorET'New York, 1973.
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15, Footnotes

lActually the computer algorithm does not follow the iterative procedure
outlined here. As can be seen from Appendix 1 the input-output model
is a set of simultaneous linear equations. Thus matrix inversion is
employed to generate the table of tetal requirements.

It is to be noted that this figure is understated because the induced
impact (the impact generated by increased consumer expenditures) has
been ignored in our simple illustration. However, for all air pollutant
emissions pertaining to the California air basins analyzed in the body
of this report, the induced impact is included with the direct and
indirect impacts. The induced impact is determined by "closing" the

I-0 model with respect to households, i.e., by shifting households

from an exogenous to an endogeous variable in the model.

3Non—stationary transportation sources of emissions considered

in this report include those transportation sectors explicitly set forth
in the Statewide I-C model (e.g. Truck Transport, Local Transit and Inter-
city Buses) and those transportation activities which are implicitly
included in non-transportation sectors (e.g. auto travel by the in-
surance industry, auto and truck travel by the communications companies
and other utilities).

4The official 1972 U.S. Input-Output Table was released by BEA in June
of 1979.

5For a complete description of the California input-cutput model for 1976
prepared by the Department of Water Resources .including specific sector
definitions, data, and procedures used see:-State of California, The
Resources Agency, Department of Water Resources, Division of Planning,
Techniques for Statewide and Regional Resource - Constrained Industrial
Outlooks, Draft Technical Report, Sacramento, California, November 1978.
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